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Friday,  Ja&uarj  20,  1882, 
BnsjL,  Esq.  F,E.S»  Treaeurer  and  Vioe-Preaidtint,  in 
Wlluam  HuG«Dfs,  Esq.  D.CX.  LL.D,  F.E.S 
On  Cofmts. 

In  tbe  olden  time  comets  were  looked  upon  as  the  portents^  of,  all 
kinds  of  woo.    In  the  words  of  Du  Bar^^  as  rendered  hj  S^lToste^ *  ; — 

"  There  with  lonje:  Ijloudy  htiire,  a  Blazing  Star 
ThptsteoH  the  Wurld  with  Funim,  Pljigucs  tind  War: 
To  Priucefl^  death :  to  KiDgdomii,  luadj  ctosaee: 
To  all  Esiiitea,  iu^itiitable  LoAse$ ; 
To  Htiifd-raen,  Bot :  to  Plough-men,  hap-lesae  BenwDs : 
To  Saylera,  Btomi»;  to  Citiea^  duill  Tre*i8ona.'* 

In  tlio  past  year,  mcluding  telescopic  coroota,  no  fowrer  than  seven 
of  these  blazing  stars  have  threatened  uSp  and  certain  eon  temporary 
evente  might  seem,  indeed,  to  justify  this  view  of  their  malign 
inflntnce.  Bnt  though  comets  are  no  longer  a  terror  to  tHoy  are 
etill,  in  some  respects,  a  great  mystery.  When  we  attempt  to  explain 
the  tnarrcHoQs  phenomena  they  preeoutj  by  the  rigid  application  of 
the  laws  of  phyeics,  we  find  onrselves  confronted  by  prodigious  diffi- 
cnlties.  We  are  almost  led  to  think  tliat;  in  the  heavens,  at  least, 
tbere  is  more  "  than  is  dreamt  of  in  our  philosophy  " — some  profound 
ftud  fitiU  unknown  mystery  of  nature.  Not  to  mention  the  many 
ftbenxd  tbdories  which  are  beard  on  all  sides  wheo  a  great  comet 
appears,  on  no  phenomenon  of  nature  have  wo  so  many  guesses  at 
truth  by  the  masters  of  science  on  different  &ud  even  opiiosing  prin- 
ciples of  explanation.  At  the  present  moment  there  Is  no  conBcusufi 
of  opinion  as  to  the  nature  of  comets. 

But  within  the  last  few  years^  {torn  two  opposite  directions — 
from  the  nee  of  the  sjiectroscope  and  from  mathematical  investigation 
applied  to  the  periodical  displays  of  shooting  stars — ^muob  knowledge 
has  been  gained  of  their  nature,  though  there  are  BtiU  many  points 
on  i^lilch  we  can  only  speculate. 

It  IS  my  purpose  this  evening  to  give  chief  prominence  to  the  new 
knowledge  which  tbeee  two  methods  of  reseai'cU  have  pliiced  within 
our  re*w;hj  and  to  dietinguisb  as  clearly  as  may  be  possible  between 
what  wo  know  abjut  comets  and  what  is  not  more  than  sjHXJulation* 

To  carry  out  this  purjiofie  we  mnst  first  study  carefully  the  phe» 


•  Du  IkrtM,  tranalaUd  by  J,  SyWeeie^  fob  1621,  p.  S3. 
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nomena  which  have  to  bo  expbinod,  namely,  tho  essential  appea^ 
ances  and  changes  which  comets  present  during  their  approaeh  to  the 
son,  at  the  time  that  they  are  visible  to  us. 

It  is  not  necessary  here  to  describe  in  detail  the  more  pnrelj 
astronomical  side  of  the  subject.  It  will  bo  sufficient  to  say,  in  two 
words,  that  some  comets  have  become  permanent  members  of  mat 
system,  while  others  probably  visit  us  once  only,  never  to  return.  It 
depends  upon  a  comet's  velocity  whether  its  course  shall  be  a  hyper- 
bola, a  parabola,  or  an  ellipse.  In  the  latter  case  only  can  it  become  a 
permanently  attached  member  of  our  system.  If  the  velocity  of  the 
comet  when  at  the  earth's  distance  from  the  sun  exceeds  26  milee  a 
second,  the  comet  must  go  off  into  space,  never  to  come  back  to  as.  If 
the  comet  is  moving  less  swiftly  its  path  will  return  into  itself,  and 
it  will  visit  us  periodically  after  longer  or  shorter  wanderings.  In 
the  case  of  many  comets,  including  the  brightest  comet  of  last  yeVt 
their  velocity  is  so  near  Uie  parabolic  limit  uiat  it  is  scarcely  possible, 
from  observations  made  in  the  small  part  of  their  orbit  near  the  son, 
to  be  quite  sure  whether  they  will  return  to  us  or  not  A  number 
of  comets,  chiefly  small  ones,  are  certainly  periodic,  and  of  some 
comets  several  returns,  true  to  the  calculated  time,  have  been 
observed. 

The  small  portion  of  the  comet's  life  during  which  we  are  able  to 
study  it  is  quite  unlike  its  ordinary  humdrum  existence.  It  oon- 
sists  of  the  uiort  period  of  extreme  excitoment  into  which  it  is  thrown 
by  a  more  or  less  near  approach  to  the  sun — a  state  of  things  which  is 
accompanied  by  rapid  and  marvellous  changes,  often  on  a  stupendous 
scale. 

The  appearances  which  comets  put  on  under  the  sun's  influence 
differ  widely  from  each  other.  A  few  of  these  forms,  passing  from  an 
almost  invisible  nebulosity  up  to  a  brilliant  comet  of  the  grand  type^ 
are  represented  on  these  diagrams.  In  nearly  all  these  forms  three 
essentially  distinctive  parts  may  be  seen. 

1.  The  nucleus.  With  the  aid  of  a  telescope,  in  tho  heads  of  most 
comets  a  minute  bright  point  may  be  found.  This  apparently  insig- 
nificant speck  is  truly  the  heart  and  kernel  of  the  whole  thing — poten- 
tially it  is  the  comet.  It  is  this  small  part  alone  which  conformt 
rigorously  to  the  laws  of  gravitation,  and  moves  strictly  in  its  orbit 
If  we  coidd  see  a  great  comet  during  its  distant  wanderings  when  it 
has  put  off  the  gala  trappings  of  periheb'on,  it  would  bo  a  very  sober 
object,  and  consist  of  little  more  than  nucleus  alone.  It  is  only  this 
part  of  the  comet  which  can  have  any  claim  to  solidity,  or  even  appre- 
ciable weight.  Though  many  of  the  telescopic  comets  are  of  extremely 
small  mass,  nucleus  included — so  small,  indeed,  that  they  are  unable 
to  perturb  such  small  bodies  as  Jupiter's  satellites — yet  in  some  large 
comets  the  nucleus  may  be  a  few  hundred  miles  in  diameter,  and  may 
consist  of  solid  matter.  I  need  not  say  that  the  collision  of  a  cometary 
nucleus  of  this  order  with  the  eartii  would  be  fraught  with  danger  on 
a  very  wide  scale. 
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2.  The  eoma.  This  appcarg  usually  as  a  luminotiA  fog  Buironndiiig 
th©  nnclous,  and  gradaally  shadiDg  off  from  it.  The  aucleus  and 
the  coma  farm  iogetbcr  iha  bead  of  the  comot. 

3,  The  (ait  The  tail  may  be  considered  aa  a  continuation,  in  a 
direction  opposite  to  that  of  the  Bxmy  of  the  lutninoiis  fog  of  tbe  coma* 
This  appendage  may  be  scarcely  dJstinguiBbable  aa  a  flight  eiougation 
of  the  ooioft^  or  it  may  eitend  half  across  the  heavens,  and  be  taany 
millions  of  mOee  in  length.  The  tail  may  bo  single,  or  composed  of 
Bevoral  branches. 

We  nmst  now  etndy  more  closely  the  oometary  appearancea  as 
they  may  be  seen  when  a  largo  telescope  is  directeti  to  a  briUiaot 
comet  I  have  selected  for  this  puriwse  the  Great  Comet  of  1858, 
and  I  shall  exhibit  on  the  screen  a  scries  of  views  of  tlua  comet,  taken 
at  intervals  of  a  few  days*  The  first  set  shows  the  growtb,  position, 
and  forms  of  the  tail,  as  a  whole.  The  second  group  represents  the 
more  detailed  structnre  and  changes  of  form  of  the  head  of  the  cornet^ 
as  viewed  in  a  large  telescope.  These  views  are,  of  course,  from 
sfcetcbos  made  at  the  telescope*  Last  year  several  attempts  were 
made  to  photograph  the  comet  which  appeared  in  June.  Mr.  Janssen 
has  kindly  sent  me  a  poeitive  taken  from  the  original  negative.  It 
is  now  upon  the  screen.  Mr.  Janesen  purposely  sacrificed  detail  in 
the  head  of  the  comet,  for  the  sake  of  obtniiuDg  the  structure  and 
form  of  the  tail,  exposing  the  plate  for  tliirty  miniites.  From  a 
careful  examination  of  several  similar  negatives,  Janssen  made  a 
drawing  of  the  comet,  A  photograph  of  this  drawing  is  now  upon 
the  screen^  Mr.  Common,  at  Ealing,  with  a  fine  three- foot  reflector 
of  his  own  construction,  also  photographed  the  comet,  but  hia  object, 
different  from  that  of  Jansseu,  was  to  get  the  form  of  the  nucleus. 
For  this  purpose  ho  gave  an  eJtposure  of  only  ten  minutes — far  too 
short  to  obtain  on  impression  of  the  tail*  The  comet  was  also 
photographed  by  Dr.  Draper,  of  New  York.  My  own  work  was 
confined  to  the  comet^s  spectrum,  of  which  I  shall  speak  presently. 

We  ma7  now  advance  to  the  consideration  of  two  primary  ques* 
ttons : — 

1.  Does  a  eomet  shine  wholly  by  reflected  solar  light,  or  has  it 
also  light  of  its  own? 

2.  Of  what  materials  is  a  comet  composed  ? 

The  spectroscope  has  famished  ns  with  information  on  both  these 
points.  The  first  successful  application  of  the  spectroscope  to  a  comet 
was  in  1864,  when  Donati  discovered  in  its  light  three  bright  hands. 
In  1866  I  was  able  to  distinguish  two  kinds  of  light  from  a  telescopic 
oomat — the  one  kind  giving  a  continuous  spectrum  and  presumably 
«o1ar  light,  and  the  ofiier  a  spectrum  of  three  bright  bands,  fiimilar 
to  those  which  had  been  seen  by  Donati.  But  in  1868  a  great  advance 
was  mode.  The  close  agreement  of  measures  I  took  of  the  bands  of 
the  comet  h  of  that  year  with  those  I  had  previously  taken  of  the 
fipectrtmi  of  certain  compounds  of  carbon  led  me  to  compare,  directly, 
in  ctmju notion  with  my  friend  Dr.  W.  Allen  MiUeri  the  spectrum  of 
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the  indaotion  spark  in  olefiant  gM  with  the  comet's  speoimni,  in  the 
manner  shown  upon  the  screen. 

The  next  diagram  shows  the  resolt  of  this  direct  comparisoiL* 
There  could  he  no  longer  any  douht  of  the  oneness  of  chemical  nature 
of  the  cometary  stnff  with  the  gas  we  were  nsing,  in  &Gt,  that  carbon, 
in  some  form  or  in  some  state  of  combination,  existed  in  the  cometary 
matter.  From  that  time  some  twenty  comets  have  been  examiTied 
diffiarent  observers.  The  general  close  agreement,  notwithstanding 
some  small  divergencies,  of  the  positions  of  the  three  bands  with  those 
seen  in  the  flame  spectrum  of  hydrocarbons,  leaves  no  doubt  wluitever 
that  the  original  light  of  comets  is  really  due  to  matter  containing 
carbon  in  combination  with  hydrogen. 

At  first,  indeed,  for  certain  reasons,  I  was  led  to  consider  this 
spectrum  to  be  that  of  carbon  itself  in  the  form  of  gas,  a  view  still 
held  by  some  physicists;  but  subsequent  researches  by  several 
experimentalists  on  this  point  appear  to  me  to  be  strongly  in  favour 
of  carbon  combined  with  hydrogen.t 

Last  year  another  advance  was  made.  For  the  first  time  since  the 
spectroscope  has  been  in  the  hands  of  the  astronomer  the  coming  of  a 
bright  comet  made  it  possible  to  extend  this  mode  of  research  into 
the  more  refrangible  region  of  the  spectrum.  Making  use  of  the 
apparatus  and  arrangements  which  I  employed  for  photographing  the 
spectra  of  stars,}  I  succeeded  in  obtaining  a  photograph  of  the  spectrum 
of  the  head  of  comet  6. 

A  copy  of  this  spectrum  is  now  upon  the  screen  (see  plate).  There 
is  a  continuous  spectrum  which  can  be  traced  from  about  G  to  beyond 
K,  in  which  are  seen  distinctly  several  of  the  Fraunhofor  lines,  G,  A, 
H,  E,  and  many  others.  The  presence  of  these  lines  was  crucial, 
and  made  it  certain  that  this  continuous  spectrum  was  really  due  to 
reflected  solar  light.§ 

But  there  was  also  present  a  second  spectrum  consisting  chiefly  of 
two  groups  of  hright  lines.   These  evidently  were  due  to  the  sami 
light  which  is  resolved,  in  the  visible  region,  into  the  three  brig> 
C^ups. 

I  regarded  them  with  intense  interest,  for  there  was  certi 
hidden  within  these  hieroglyphics  some  new  information  foi 
Measures  of  their  position  in  the  spectrum,  taken  under  the  w 
scope,  brought  out  that  these  groups  were  undoubtedly  the 


*  These  hydrocarbon  groups  may  be  seen  with  a  pocket  spoctrosor 
bine  base  of  a  candle  flame  or  in  the  flame  of  a  Bnnscn  burner. 

t  Among  many  papers,  I  may  refer  to  '  Ueber  die  Spectra  dcr  Go 
Haaselberg,  Mem.  Acad,  des  Sdences,  St.  P^tersboorg,  Til.  ser.  t 
No.  2;  and  papers  by  Professors  Liveing  and  Dewar  and  by  Mr. 
recent  volnmes  of  the  *  Proceedings  of  the  Royal  Society.' 

:  *  Tians.  B.  S.'  1880,  part  2,  p.  671.   *  Proceedings  B.  Instit.* 
p.  285. 

§  See  observations  of  the  visible  spectrum  of  this  comet  by  Pn 
the  Astronomer  Royal,  Professor  Vogt  l,  Professor  Wright,  Dr. 
Dr.  Hasselberg,  and  others. 
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which  ap|M»ir  in  <;ertAin  compouncle  of  carbon.  Profes&ors  Liveing 
and  Dewar  bad  recentlj  ahown  that  these  groups  iiidtcato  a  nitrogen 
compound  of  carbon,  naiiioly,  cyanogen.  On  this  view  thoro  must  b© 
in  the  cometarj  matter,  beeidei  carbon  and  hydrogen,  the  element 
mtrogen. 

A  few  days  after  my  photograph  was  taken,  Dr,  Draper  Buocceded 
in  obtain iBg  a  photograph  of  tbo  comet^e  spectrum,  which  appears  to 
confirm  mine  so  far  ua  the  bright  lines,  but  does  not  give  the 
Fratinhofer  linoB. 

About  the  same  time  that  the  ohserrations  were  made  on  the  oomet^ 
Professor  Dewar  succeeded  in  confirming  his  results;,  by  the  reTereal 
of  th©  groups,  employing  either  titanic  cyanide  or  boron  nitride. 

Tho  positions  and  charantere  of  these  bands,  together  with  thoee  in 
the  visible  spectrum,  leave  no  doubt  tbat  the  subatanees,  carbon,  hydro- 
gen, and  nitrogen,  and  probably  oxygen,  are  present  in  the  comotary 
matter,  and  that  this  light-emitting  stuff  appears  to  bo  eBBeutially 
of  th©  same  chemical  nature  fur  all  the  comets,  some  twenty,  which 
have  been  observed  up  to  the  present  time.  Certain  minor  modi- 
fications of  the  common  type  of  spectrum  arc  ofteu  present,  and 
show,  Eis  wn^  to  be  expected,  that  the  conditions  prevailing  in  different 
comets,  atjd  indeed  in  any  one  comet  from  day  to  day,  are  not  rigidly 
uniform. 

The  temperature,  the  state  of  tenuity,  the  more  or  less  copiouB 
supply  from  the  nucleus  of  the  gaseous  matter^  must  bo  subject  to  con- 
tinual variation-  At  times  it  is  probable  that  tho  hydrocarbon 
spectrum  is  complicated  by  traces  of  the  spectrum  of  the  oiygen  com- 
pounds of  carbon.  These  and  other  poesible  variations  betray  them- 
Belies  to  us  in  the  spectrum,  by  the  length  of  range  of  refrangibility 
through  which  each  group  can  he  traeed,  by  an  alteration  in  the  posi- 
tion of  maximum  brightness  in  th©  groups,  by  the  relative  brightness 
of  ^©  groups,  by  a  more  or  leas  breaking  up  of  the  shaded  light  of  the 
bands  and  tho  visibility  or  otherwise  of  bright  lines,  by  a  more  or 
Ices  dbtinctuess  of  the  violet  group,  and,  lastly^  by  tho  visibility 
in  the  brightest  comet  of  last  year  of  a  less  refrangible  band  of 
the  hydrocarbon  spectrum  which  occurs  between  C  and  D  of  the 
spectrum,* 

Wo  must  DOW  consider  the  information  about  the  nature  of  comets 
which  has  come  to  us  from  a  wholly  difforent  source. 

On  almost  any  fine  night,  after  a  short  watch  of  the  heavens,  wo 
shall  see  the  well-known  appearances  of  "  shooting  stars.' ^  At 
ordinary  times,  these  are  small,  and  appear  indifTerently  in  all  parts 
of  the  heavens,  but  on  certain  nights  they  show  themselves  in  great 
numbers,  and  of  such  brilliancy  as  to  present  a  spectacle  of  much 
magni&cencob   On  such  occasions  one  remarkable  feature  presents 


*  For  these  rtaaona  rar aaures  of  th(»ao  banda  ahotild  be  OOUiidered  <a  Btrictlv 
tpplimble  to  the  pnrtioulor  comet  at  the  time  of  obienritkin  only,  ami  Wt 


iKsfit'Sfnirtlj  fia  Applicttble  to  oilier  ecimuta. 
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itself,  which  is  well  marked  in  the  diagram  on  the  soreen.  The 
meteors  all  shoot  forth  from  one  spot,  which  is  called  the  radiant 
point.  A  little  consideration  will  show  that  this  appearance  is 
really  dae  to  perspective,  and  represents  the  vanishing  point  of  the 
parallel  courses  in  which  the  meteors  are  moving.  Hence  we  leuii 
that  they  all  belong  to  an  enormous  swarm  of  these  bodies  which  the 
earth  is  meeting,  and  further,  we  may  find  the  direction  in  whidi 
the  swarm  is  moving  relatively  to  the  earth.  Now  the  researches 
of  Olbers,  H.  A.  Newton,  and  Adams  showed  that  the  November 
shower  is  really  a  planetary  swarm,  revolving  round  the  mm  in 
about  33;^  years.  Further  investigations  of  Sohiaparelli,  Leverrier, 
and  Oppolzer  brought  out  the  astonishing  result  that  the  path  of 
the  November  meteors  is  really  identical  with  that  of  a  comet 
discovered  by  Tempel  in  1865.  Sohiaparelli  showed  further,  thai 
another  independent  group  of  meteors  which  appears  in  August,  has 
an  orbit  identical  with  the  third  comet  of  1862.  We  are  thus  led 
to  see  the  close  ph3rsical  connection,  and  oneness  of  origin,  if  not 
indeed  identity  of  nature,  of  comets  and  of  these  meteors.  Now  the 
meteors  on  these  occasions  are  too  minute  to  pass  through  the  ordeal 
of  ignition  by  our  atmosphere,  they  are  burnt  up  before  tibey  renck  the 
earSi,  but  at  other  times  small  celestial  masses  come  down  to  us,  which, 
there  can  be  little  donbt,  are  of  the  same  order  of  bodies,  and  similar 
in  chemical  nature.  The  meteorites  we  have  in  our  hands,  contain 
matter  of  the  same  kind  probably  as  that  which  gives  rise  to  cometary 
phenomena.  These  two  small  meteorites,  which  fell  at  Estherville, 
were  kindly  sent  to  me  by  Professor  Newton,  as  probably  good 
examples  of  the  sort  of  stuff  of  which  the  nuclei  of  comets  are  composed. 
The  question  arises,  are  the  revelations  of  the  spectroscope  about 
comets  in  harmony  with  what  we  know  of  the  chemical  nature  of 
these  celestial  waifs  and  strays  ? 

Meteorites  may  be  arranged  in  a  long  series,  passing  from  metallic 
iron  alloj^ed  with  nickel  at  one  extremity,  to  those  of  a  stony  nature, 
chiefly  silicates,  at  the  other.  In  meteorites  more  than  twenty  of 
the  elementary  bodies  have  been  found,  including  hydrogen,  carbon, 
and  nitrogen,  which  the  spectroscope  has  shown  to  be  in  comets.  It 
may  be,  however,  that  in  the  sun's  action  on  comets,  we  have  to  do 
not  with  the  decomposition  of  the  cometary  matter,  but  with  the 
setting  free  of  gases  occluded  within  the  meteoric  matter,  forming  the 
comet's  nucleus.  If  the  meteoric  matter  were  decomposed,  we  should 
expect  a  more  complicated  spectrum. 

In  the  year  1867  Professor  Odling,  lecturing  on  Professor 
Graham's  researches,  lighted  up  this  room  with  the  gas  brought  by  a 
meteorite  from  celestiid  space.  This  meteorite,  of  the  iron  type, 
yielded  nearly  three  times  its  volume  of  gas,  of  which  85  per  cent, 
was  hydrogen,  5  per  cent,  was  carbonic  oxide,  and  10  per  cent, 
nitrogen.  Since  that  time  Professor  A.  W.  Wright  has  experimented 
nth  a  meteorite  of  the  stony  type,  containing,  however,  numerous 
Dry  small  grains  of  metallic  iron  and  sulphide  of  iron  scattered 
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tbrongli  ihe  moss.  This  meteorite  gavo  about  two  and  a  half 
times  the  volmue  of  tho  meteorite  as  &  wholOf  or  twenty  times  that 
of  the  iron  scattered  witliin  it.  The  same  gases  came  oflF,  btit  in  a 
different  proportion ;  there  boiog  a  larger  proportion  of  the  osirle  of 
carbon,  at  a  low  temperature  carbon  dioxide  was  chiefly  given  off* 
Now  in  all  these  ca&es,  a  fipectrnm  similar  to  that  of  comete  would 
be  giveo  by  these  gases  under  enitable  canditions. 

Some  years  ago,  in  conjunction  with  my  friend  Professor  Maskelyne, 
I  examined  the  spectra  of  certain  meteorites,  and  obtaioed  in  several 
cases  a  spectnim  similar  to  that  of  comets.  Borne  metooritos  like  that 
of  Bokkveldt,  contain  a  large  percentage  of  hydrocarbons.  Professor 
Togel  has  recently  experimented  in  the  same  direction,  and  finds  that 
the  gas  which  comes  off  from  the  meteorite  b©  used  gives  a  hydro- 
carbon spectrum  mixed  with  that  of  carbonic  oxide,  and  under  certain 
conditions  the  spectrnm  of  hydrocarbon  predominates  and  becomes 
almost  exactly  aimilar  to  that  of  comet  h  18Sl.t  We  are  at  a  dis^ 
advantage  in  one  particular,  for  we  cannot  got  at  meteorites  as  they 
exist  in  celestial  spoco,  but  oaly  after  superficial  ignition  in  passing 
through  the  air. 

Tlio  experiments  hitherto  made  throw  but  little  light  on  the 
question,  whether  cyanogen  ready  formed  is  present  in  combination 
or  otherwise  in  the  comet,  or  whether  it  ie  formed  at  the  time  by  the 
interaction  of  carbonaceous  and  nitrogenous  matter.  In  the  latter 
case  we  shonld  have  to  admit  a  high  temperature,  which  would  be 
in  &vour  of  the  view  of  an  electric  origin  of  the  comet's  light. 
Professor  A.  Herschel  and  Dr.  Von  Koukoly  have  pointed  out  that  the 
spectra  of  the  periodic  meteors  are  different  for  different  groups.  I 
may  also  mention  that  Captain  Abney  considers  that  he  has  evidence 
of  hydrooaibons  in  tho  outer  portion  of  tho  sun's  atmosphere. 


*  •  Am^ridAn  Journal  of  Science  and  Arta/  voh  i.  July  1875. 
I     f  '  Public&tionon  defl  AitrophjsikiiliBehen  Obaervatoriunis,'  Band  ii.  p. 

Since  this  Diifcqurw  wtm  ^v^^  Dr.  FJigbt  has  ppf«ented  to  the  Bojol  Society 
a  |>nper  oti  the  Metoorite  of  C^nhuurnc!,  AuiitndiJi,  and  the  Rowion  M@1»iTjc  Iron. 
In  the  case  of  the  fotmor^  the  oectudcHl  gaac^i  amounted  to  3 '59  the  volume  tit 
tlw3  ifoa,  aud  ootiaiated  of— 

Owbonic  acid  ,   0*12 

Carbonic  01  ido  .»  31'88 
Hydrogen.  p.  ..  45'79 

ILirsh  gns  ♦*     ..    4*53 

NttKigen    ll^iM 

T\iD  Howton  Iron  g^ve  n*38  titiic^  lia  bulk  of  |u;aR,  aa  loltowji — 

Ofttbonie  iwid   ,  5-155 

Hfdnygoii   77-778 

Carbcinic  ojiidc       ,   7  H4S 

Nitrogen   „  9-723 
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We  have  now  advanced  to  the  extreme  bonndaty  of  the  solid  gronnd 
of  onr  knowledge  of  comets.  Before  ns  lies  the  enchanted  region  of 
specnlation.  Without  being  too  venturesome,  we  may  well  consider 
a  few  points  which  may  explain  more  in  detail  some  of  the  phenomena 
of  comets.  Of  whatever  nature  wo  may  regard  the  tremondoos  changei 
which  take  place  in  them  to  be,  wo  must  certainly  look  for  the  primary 
disturbing  cause  to  the  sun.  Is  the  solar  heat  sufficient  to  acoonnt 
directly  for  the  self-light  of  comets,  or  does  it  act  the  part  of  a 
trigger,  setting  free  chemical  or  electrical  forces  ?  On  this  point  ol 
the  sufficiency  of  the  solar  radiation  we  must  not  look  to  the  few  oaaes 
of  exceptionally  close  approach  to  the  sun,  but  to  the  more  averago 
distance  of  comets  at  perihelion.  Professor  Stokes  has  suggested 
that  some  results  obtained  by  Mr.  Crookcs  may  throw  light  npon  tkii 
question.  He  concluded  from  his  experiments  that  in  snoh  vaeoa  M 
exist  in  planetary  space  the  loss  of  heat,  which  in  such  oasoa  would 
take  place  only  by  radiation,  would  be  exceedingly  small.*  In  this 
way  the  heat  received  from  the  sun  by  the  comet  would  aooumu- 
late,  and  we  should  get  a  much  higher  temperature  than  would  othei^ 
wise  be  possible.  In  this  connection  may  be  mentioned  the  remark- 
able persistence  of  the  bright  trains  of  meteors  in  the  cold  upper  air, 
which  sometimes  remain  visible  for  three-quarters  of  an  hour  befine 
the  light  fades  out  by  the  gradual  dissipation  of  the  energy. 

I  need  hardly  say  that  the  enormous  tails  of  bright  comets,  many 
millions  of  miles  in  length,  cannot  be  considered  as  one  and  the  same 
material  object,  brandished  round  like  a  great  flaming  sword,  as  the 
comet  moves  about  the  sun.  It  is  but  little  less  difficult  to  sappose  that 
the  cometary  mass  is  of  so  largo  an  extent  as  to  include  all  the  spaoe 
successively  occupied  by  the  sweep  of  tho  tail  at  perihelion.  On  the 
material  theory  we  seem  to  be  shut  up  to  the  view  that  the  tail  is  con- 
stantly renewed  and  reformed,  either  by  matter  streaming  from  the 
nucleus  or  in  some  other  way.  But  this  view  involves  velooities  fiff 
greater  than  the  force  of  gravitation  can  account  for.  Let  us  consider 
the  order  of  the  phenomena.  Under  the  sun's  influence,  luminons  jets 
issue  from  the  matter  of  the  nucleus  on  the  side  exposed  to  the  sun's 
heat.  These  are  almost  immediately  arrested  in  their  motion  sun- 
wards, and  form  a  luminous  cap ;  the  matter  of  this  cap  then  appetrs 
to  stream  out  into  the  tail,  as  if  by  a  violent  wind  setting  against  ii 
Now,  one  hypothesis  supposes  these  appearances  to  correspond  to  the 
real  state  of  things  in  the  comet,  and  that  there  exists  a  repulsive 
force  of  some  kind  acting  between  the  sun  and  the  gaseous  matter, 
after  it  has  been  emitted  by  the  nucleus.  On  this  hypothesis  the 
forms  of  the  tails  of  comets,  which  are  usually  curved,  and  denser  on 
the  convex  side,  admit  of  explanation.  Each  particle  of  matter  of  the 
tail  must  be  moving  in  a  curved  course,  under  the  influence  of  the 
motion  it  originally  possessed,  combined  with  that  of  this  hypothetical 
repulsive  force.   But  in  the  form  which  the  tail  assumes  for  as  we 


♦  '  Proceedinga  K.  S.'  1880,  p.  243. 


theory  bas  been  investigated  by  Boee^l,  Peirco,  and  othera.f  liecently 
Brodichia  J  bna  ijiyestigated  the  curvatures  of  the  tails  of  a  namber 
€f  oom«l8.  According  to  him,  they  fall  into  three  cls^aee,  which  are 
repreeentcd  in  this  diagram,  each  typo  of  curve  depending  upon  a 
different  assumed  value  of  the  repulsive  force.  This  leads  to  another 
point,  namely,  the  secondary  tails  which  are  often  present.  Some 
of  these  appear  to  be  darted  off  with  an  energy  of  repulsion  so  enor- 

*  A*  ft  rule,  the  taila  of  comets  upp^ir  to  be  luminou*  by  reflected  flolar  light, 
Init  at  tiiDes  the  fttuff  wbloh  emita  tbe  light  giviag  a  Bpectrum  of  bright  bimda 
iA  carried  into  the  tail  to  a  grentt-r  or  It^w  diaknoe  nponi  the  head, 
t       nniijeroufl  p«pera  by  Fuyn  itJ  tlie  '  Coni|>te«  Beudui»/ 
%  *  AntmleB  ilG  rotiftcrvateire  do  Moseou,'  vol.  v.  )iv,  2,  p.  30 ;  aud  *  Aair. 
Naebr/ Na  2411, 


10 


Dr,  Huggim 


[Jan.  20, 


monaly  great  tliBt  the  original  motion  of  tbo  nucleus  tells  for  very 
little,  and  Lonce  the  Becondary  tail  ia  but  slightly  cnrred,  or  e^en 
is  sensibly  straight.  Again,  if  we  take  the  hypothesis  that  this 
repulsi?e  force,  of  whatever  character  it  may  be,  varies  aa  the  surface, 
aud  not,  like  gravity,  ae  the  mass,  substances  of  different  specifio 
gravity  would  be  difforeutly  affected  and  ecparatod  from  each  other, 
and  these  secondary  straight^  or  nearly  straight  tails  would,  on  this 
view,  consist  of  the  lightest  matter. 

On  this  hypothesis  a  comet  would  suffer  of  course  a  large  wastd 
of  material  at  each  return  to  perihoHon,  as  the  nucleus  would  be 
unable  to  gather  up  again  to  itself  the  sc-attered  matter  of  the  tail ; 
and  this  view  is  in  aecordauee  with  the  fact  that  no  comet  of  short 
period  has  a  tail  of  any  coneiiiorable  magnitude. 

A  theory,  based  on  chemical  decomposition,  has  been  proposed  by 
Professor  Tyndall,*  but  as  this  view  has  been  illustrated  her© 
by  the  eloquent  author  him&elf,  I  will  not  now  eJQter  upon  it, 

A  difiereut  view  of  the  whole  matter  has  been  auggeeled  by 
Professor  Tait.f  Ho  supposes,  not  the  nucleus  only,  but  the  whole 
comet,  to  consist  of  a  swarm,  of  enormous  dimouBions,  of  minute 
meteoroida,  which  become  self-luminous  at  and  about  the  nucleus,  in 
consequence  of  the  impacts  of  the  various  meteoric  masees  against 
each  other,  giving  rise  to  incandescence,  melting,  the  development  of 
glowing  gas,  and  the  crushing  and  breaking  up  of  the  bodies  into  frag- 
monts  of  different  sizes,  and  endowed  with  a  great  variety  of 
velocities.  The  tail  he  conceives  to  be  a  portion  of  the  loss  dense 
part  of  the  train  illuminated  by  emiligbt,  and  visible  or  invisible  to 
us,  according  not  oxdy  to  circumstances  of  density,  illmuination,  and 
nearness,  but  also  of  tactic  arrangement,  as  of  a  flock  of  birds 
under  different  conditions  of  perspective,  or  the  ed go  of  a  cloud  of 
tubucco  smoke. 

On  this  hypothetsis  we  should  expect  to  find  a  more  complicated 
spectrum,  and  the  spectra  of  comets  to  differ  greatly  from  each  other. 

There  seems  to  ho  a  rapidly-growing  feeling  among  physicists  that 
both  the  self- light  of  comets  and  the  phenomena  of  their  tails  belong 
to  the  order  of  electri<^l  phenomena.  One  of  the  most  distinguished  of 
the  American  aetronomers  wrote  to  me  recently  :  "  As  to  the  American 
views  of  the  self-light  of  comets  I  cannot  speak  with  authority  for 
any  one  hut  myself,  still  I  think  the  prevailing  impreesion  amongst 
us  is  that  the  light  is  due  to  an  electric,  or,  if  t  may  coin  the  word 
electric-oid  action  of  some  kind."  Hero  I  confess  1  tread  most 
cautiously,  for  we  have  no  longer  any  stcpping-stonos  of  fact  on 
which  to  place  our  feet  I  am  ready  to  admit  that  the  spectroscopic 
evidence,  especially  that  famished  by  the  photographg  of  last  year, 
favours,  though  it  does  not  necessarily  demand,  the  view  that  the 
self-light  of  comets  ia  due  to  electric  dischargee.    I  do  not  attacli 


•  Phil,  See.  Csmhridge,  and  '  Phil.  Mn^','  April  1869, 
t  '  Proceed ipga  K  Sockty  Edinburgh,*  vol.  vL  p.  rj^S. 
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mucb  importance  to  tho  fact  that  the  briglit  gronps  in  tho  vistblo 
spectrum  of  comet  b  agraed  with  those  of  the  so-callcrl  *^  flame 
Bpectrnm,"  for  the  reason  that  the  same  spectrum  mny  be  obtained 
from  the  induction  spark,  when  suitable  arrangemefite  are  used  to 
make  tho  discharge  one  of  comparatively  low  temperature,* 

As  we  are  now  fairly  on  tho  wide  ocean  of  speculation,  I  need  not 
say  til  at  the  precise  modes  of  application  of  the  priudpl©  of  elec- 
tricity which  have  been  suggested  are  many*  Broadly,  they  group 
tkemselTCfl  about  the  common  idea  that  great  electrical  disturbances 
mm  set  up  by  tho  Bun's  action  io  connection  with  tho  vaporization 
of  some  of  the  matter  of  the  nucleus,  and  that  the  tail  is  matter  carried 
away,  possibly  in  connection  with  eloctrio  diBchargos'in  consequence 
of  the  repulsive  influence  of  the  sun,  which  is  supposed  to  be  in  a  state 
of  oonstant  high  electrical  potential  of  the  same  name.  Further,  it 
is  anppoBcd  that  the  luminous  jets  and  streams  and  cape  and  envelopes 
belong  te  the  same  order  of  phenomena  as  the  aurora^  the  electrical 
binsh,  and  the  stratified  discharges  of  exhausted  tubes.  Views 
resting  more  or  less  on  this  basis  have  been  suggesteil  by  several 
phyBicists,  and,  in  particular,  have  been  elaborated  at  great  length 
by  Zollner,  who  endeavours  to  show  that  on  certain  assumed  data, 
which  appear  to  him  to  be  highly  probable,  the  known  laws  of 
electricity  are  fully  adequate  to  the  explanation  of  the  phenomena 
of  coracts.t 

1^  All  the  theories  we  bare  considered  assume  that  tho  bright  lines 
H'teen  in  the  spectra  of  comets  indicate  heated  luminous  gaa.  An 
ftlteruative  hypothesis  has  been  suggested  by  Professor  Wright,!  a^id 
especially  by  Mr.  Johnstone  St<:>ncy,§  who  considers  that  the  comiwund 
of  carbon  vapour  is  opaque  in  reference  to  the  particular  rays  which 
appear  as  bright  lines,  and  they  appear  as  bright  lines  in  consequence 
of  sending  back  to  US  the  sun's  rays  falling  upon  the  vapour* 
Further,  he  considers  the  phenomenon  to  bo  of  the  order  of  phos- 
phoresoent  boilies^  and  he  states  that  the  conditions  existing  in  the 
cometary  gas  are  such  as  will  eminently  promote  phosphorescence,  and 
therefore  visibility,  in  presence  of  a  luminary.  J 

Here  I  must  atop.  May  1  venture  to  hop©  that  the  experience  of 
the  past  hour  has  not  been  such  as  to  confirm  in  your  minds  the  old 
view  to  which  I  referred  at  the  beginning  of  the  lecture,  that  the 
iuflaence  of  comets  is  always  a  malign  and  woeful  one»         [W<  H«J 

•  8©o  Prefcaflor  Piazzi  Stuvtl*,  *  Nature;/  val.  xxiv.  p.  430. 

+  '  Aatr.  Noflhf/  No8.  24i£i7-20G0,  2082-2086,  and  •  Ueber  dio  Nutur  di*r 
^HCumeteu/  Leipzig,  1872. 

t  '  AmoH<?4n  Joum.  8.  iind  A.'  vol.  x.  July  187S. 

^  Brituib  AiiH'xiAtiou  H<3port,  p.  251. 

PP     i  Bospijj^hi  C  OoinptoB  Uetidm,'  5  S«pt.  l^SZ)  bne  mmUi  to  explain  the 

iMK!urrctic«  of  hright  bands  hy  fluppoemg  them  to  he  dimply  the  remAining^  p^rtiatis 
of  the  oCitiitniioiiB  E^MS^tiuta  of  refiecled  eanli^ht  after  absorption  ihriiugt;  the 
enoiTDotis  depth  of  the  comet's  atmosphere.  This  viev  appears  to  me  for  muny 
reuiADa  imprahiibld,  especially  If  we  take  into  aocoanl  the  extreme  reliitivo 
hriiUancy  o(  the  mo&t  refiangiblfi  group  m  the  phelogmphic  Bpoctnim  of  comoU. 
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WEEELY  EVENING  MEETING, 
Friday,  Janmry  27,  1882. 

WrLLiAM  BowHAN,  Esq,  LL^T>.  F.E.S-  Honorary  Becretary  Vioe^ 
Freeident,  in  the  Cliair, 

RsQiNALD  Stuabt  Fooli»  E&q.  of  tli6  BritiBH  Musemn, 
Cor.  Inflt.  France. 

The  Mmmm  and  L^  anes  of  AlescandHa* 

The  speaker  etatod  that  hm  object  was  to  show  the  concoction  betwe^ 
the  ancient  Egyptian  and  Alexandrian  educational  inBtitntions,  and 
expressed  his  gratitude  for  the  i&TeJuable  aid  of  the  eminent  French 
Egyptologist,  M.  Eovillout. 

The  sources  of  information  are  chie^y  old  hieratic  papyri,  some  of 
which  are  actually  exorcise-books  of  etndentg,  and  they  tell  ns  of 
colleges  attached  to  tern  pies  in  yarioua  towns.  When  Plato  and  otbore 
visited  Egypt,  HeliopoliB  was  mmt  famous.  The  subject s  taught 
were  religion,  law,  mathematics,  especially  geometry  and  astronomy, 
medicine  and  language.  There  were  also  primary  schools  for  all 
classes.  Libraries  were  attachod  to  the  temples^  and  there  was  a 
royal  library  existing  at  least  as  early  as  B,o,  2500. 

The  Alexandrian  foundations  were  due  to  tho  wisdom  with  which 
the  firat  three  Ptolemies  carried  out  the  large-minded  policy  of  Alex- 
ander the  Great.  They  were  meant  to  benefit  the  mixed  popnlatioii 
of  Aloinndria — Egyptian,  Greek,  and  Hebrew, 

The  Museuin  was  a  sacred  building  in  the  palace,  where  learned 
men  were  luaintaiuod  by  the  Btate  to  prosecute  research.  Law  and 
religion  were  oxuluded  in  order  to  avoid  controversy.  A  botaoical 
garden  and  a  menagerie  were  added. 

Besides  the  similarity  of  scheme,  and  the  eTident  succession  of 
Alexandria  to  Heliopolis,  a  strong  point  of  contact  was  the  old  method, 
as  eeen  in  the  mathematical  processes  of  the  aeeond  Heron. 

To  the  first  library,  originally  Greek  only,  translations  were  added, 
and  the  temple  of  Sarapis  received  surplus  books.  The  firat  library 
waa  burnt  when  Julius  Casar  captured  Alexandria.  The  seeond, 
enriched  by  Antony  with  the  Per  gam  us  ooUection,  is  eaid  to  have 
been  burnt  at  the  Arab  conquest^  when  it  disappeared. 

The  effect  of  tho  Alexandrian  foundationa  was  very  great.  The 
intelligetiee  of  the  East  and  West  here  met,  and  it  is  due  to  this  that 
the  Old  Testament  was  tranaktod  into  Greek, 

The  Alexandrian  University  was  restored  by  an  Arab  Prince,  the 
caliph  El-Mutawekkil,  two  centuries  after  the  conquest;  and  the 
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gr«ftt  UniTereitj  of  Cairo  wae  fotmd<^  by  a  Greek  officer  of  tho 
Fktiiiiite  calipb  in  a,d.  969-70. 

Tte  TJDiTcmty  of  CaLTo  practically  incltidee  all  tLe  Alemndriim 
lenities  except  medicine,  wbicb  ia  considered  by  tlie  Arabs  to  be  un- 
enited  to  pttbliG  education.  Lately,  of  5000  Btudcnts  2500  were  there 
educated  and  ntaintaincd  free  of  all  cost  to  themselTes.  Tbe  pro- 
feeeors,  who  now  receive  moderate  rationa  from  the  State,  make  a 
tnodeet  mceme  by  ontside  teaching  and  copying  MSS, 


WEEKLY  EVEOTNG  MEETING, 

Friday,  February  3,  1882, 

WiJ^iAH  SpoTTiawooDK,  Esq,  M.A.  D.C.L.  Pres. 
Vice-President  in  tbe  Chair. 

F&ongsoE  Ttndaix,  D.CX.  F.E.S.  MMJ. 

Aeiitm  of  MoleculeSt  Free  and  Comlrained^  on  Eadiani  Hcat^ 

(Abstract  dererrcd.) 
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General  Monthly  Meeting, 
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GENERAL  MONTHLY  MEETING, 

Monday,  February  6,  1882. 
Gboboe  Busk,  Esq.  F.R.S.  Treasnrer  and  Yioe-President,  in  the  Chair. 

Sidney  Biddell,  Esq.  M.A. 

The  Earl  of  Dysart, 

Mrs.  Archibald  Hamilton, 
were  elected  Members  of  the  Boyal  Listitntion. 


Hepobt  fbom  the  Manaoebb. 

The  following  Resolution  passed  by  the  Committee  of  Managers 
at  a  Special  Meeting  held  on  December  16,  1881,  was  read  and 
adopted  by  the  Members : — 

1.  The  Board  of  Managers  of  the  Royal  Institution  received  with  great 

regret  Mr.  Warren  De  La  Rue*8  letter  of  December  3,  1881, 
addressed  to  Professor  Tyndall,  annonncing  that  the  state  of  his 
health  compelled  him  to  resign  the  office  of  Honorary  Secretary  to 
the  Royal  Institution. 

2.  The  Managers  fully  appreciated  the  considerate  offer  made  by 

Mr.  De  La  Rue  to  continue  in  the  post  of  Honorary  Secretary  for 
some  time  longer,  if  such  a  course  were  deemed  desirable  for  the 
advantage  of  the  Institution ;  but  they  believed  it  to  be  their  duty 
to  secure  for  Mr.  De  La  Rue  the  immediate  release  from  the  cares  of 
office  which  seemed  indispensable. 

3.  The  Managers  trust  that  Mr.  De  La  Rue  may  be  enabled,  after  due 

rest  and  medical  treatment,  to  resume  those  scientific  pursuits  in 
which  so  much  of  his  life  has  been  spent,  and  to  the  prosecution  of 
which  by  others  so  much  generous  assistance  has  always  been 
extended  by  him. 

4.  The  Managers  cannot  bid  farewell  to  Mr.  De  La  Rue,  as  Honorary 

Secretary  to  the  Royal  Institution,  without  tendering  to  him  their 
wannest  thanks  for  the  ability,  zeal,  and  liberality  with  which  he 
has  aided  the  Royal  Institution  while  filling  that  important  office. 

5.  The  devotion  of  Mr.  De  La  Rue's  time  and  attention  to  the  interests 

of  the  Institution  will  always  be  remembered  with  gratitude  in 
connection  with  the  services  of  other  distinguished  men,  many  of 
whose  names,  like  his  own,  belong  to  the  history  of  science — a 
history  to  which  the  work  done  in  the  Royal  Institution  has  made 
such  8i;*nal  contributions. 

William  Bowman,  Esq.  LL.D.  F.R.S.  was  elected  Honorary 
Secretary,  and  Wabbsn  Db  La  Bub,  Esq.  MA.  B.CX.  FJEL8.  was 
elected  Manager. 

Thirteen  Candidates  for  Membership  were  proposed  for  election. 
The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

The  Oorernor  General  of  /ndta—Gcological  Survey  of  India  : 
Records.    Vol.  XIV.   Part  4.   8vo.  1881. 
riilsBontologia  Indica:  Series  XIV.   Vol.  I.  Part  3,  Faac.  1. 
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The  Ijordf  CvmmiuimkiVM  of  ttm  AdmiToily — Acoouot  of  British  Ob^ervationa  of 
the  TmiuU  of  VenUA,  Dec.  8,  1874.    Edited  hy  Sir  Ci.  B.  Airj\   -tta.  1S81. 
I*  Zealand  Gmfemmeni — H  tiit  i  a  tics  for  1 S80.    fol ,    1 88  L 

Acoademia  dei  itdceA  Reak,  JJojimit— Atti,  Serie  Terza :  Vol.  VI.  Paisc,  2,  3,  4. 
ito.  I88L 

Jl«tearf8i,  IndifuU  nf—SmvtmX,    No.  124.    8vn,  18BL 

Jjioiie  Sofflttfi/  o/lfnij?ul- Jouriiiil,    VuL      Part  I.  Nob,  3  and  4.  Purt  11.  No.  4. 

Proceeding*,  No.  9,    8^0.  1881. 
Atiiatir  SotUt^^  ^o^i— Jouniiil,  New  Seriea,  Vol.  XIV.  Part.  1.    8?o.  1882, 
At^ironomiral  SocUt^,  Ihtjfii—TAontbij  Not  ices,  Vol.  XLIL  Nos,  1,  2.  e?o.  1881. 
Ba/L  Pro/rvoT  n.     LLM,  F.EjS.  Qh^  Author)— A  Glimpie  tbrotigti  the  CorritloTB 

ofTinHj.    8m  1882, 
Batikerg*  JmlUtit^—jQumul  Vol.  II.  Part  10.    Vol.  m.  Part  1.    Svo-  18Si-2. 
Barthi^omew'ti  flotj>/tel— Statistical  Tables  fof  1 9  80 .    8  to,  1881. 
Baittvim  Ob$erpatorif^B»ioM}  in  the  Eaut  Iiniimi  Arobtpelago,  1880,    By  P.  A* 

Bergsmii,  the  Director.   8to,    Batavin,  1880. 
Ma^tloiil  wad  Heteorologiml  Observatiwe,  Vol.  V  187&-80.    4to*  1881. 
Bvyin,  Frmneit,  &q,  M.BJ,  (the  Authsry-The  BuilluulH  of  Flauderii.  8to.  1881. 

(PriTftt^^ly  Printed.) 

BramweU,  Sir  Frederkky  M.B.L  (tha  vlulAor)— AdJreaa  to  the  Society  of 

Arte.   Sto.  1881. 

Briiuh  JrehitedMt  Botjal  Iiutituta  c/— FrooeedingB^  1881-82,  Nw.  5,  6,  7,  @.  ila 

188U2. 
Bfiiitk  Muiemm  TrtuUet : 

Cumeifonu  Inscripttonji  of  Wefitoru  Asia.    Vot  V.  As^yrin.    fol.    183  L 

f^iokisnph  of  Sh&kflpefe  Deed.  1881. 

Oihkgqp  of  Oriealaf  Coins,    Vole.  1 V.  V.  and  Vt.    8vo,    1879^81 . 
I^pldMrtem  Het^era.    Partit  IIL  IV.  &od  V,   4to.  1879-81. 
OKtekfoe  of  BU^h,   Vol.  V.   8to.  188L 
Caiyogne  of  (lorman  and  Flemish  Prints.    Vol.  I.   8to.  187S». 
iXtm  ^peoiAS  of  Hymenoptem.   8vo,  1879. 
li^m  ©f  Coleoptera,   Parti.    8vo.  1879. 
OikkKlle  of  ?<>T»iiLn  MSr^B.    Vol.  U.   4to.  1881, 
IBMiA  Liet  of  D  i  bl  jogru  \M  ee,  &a    Sro.    1 88 1 . 
lodax  of  MinerAls.   8vo.  1881. 
Chvmieai  BoeMM—iovm%\  for  Dec.  1 881  aod  Jan.  1882,  8vo. 
dva  BmgkutT/  /niiffwIiVwi^ProcMdingB.  1881 -2.    Noa.  2-^.  8vo. 
Ckm/irettM  Polai>«  Inltmationah,  8t.  PMertbimrg — 3'  Eap|idrt  aiir  les  AcCes  ei 

Bcaniltati.   4to.  1881. 
CtifVf  Franks  Eaq.  LL.B.  F.L  S.  rfr^.  ULR.I.  {the  ^i/Vfor)— Journal  of  the  Royal 

MicTOWopiciil  Society,  S«riea  IL  Vol.  I.  Fftrt  G.    8vo.  1881, 
Cftfolttt.  W.  Odling^  W.  and  C.  MeymcOt  Tidy  {the  Authom}—RepoTtB  oa  Londuu 

Water  gnmily,  1880-1.    Noe.  10,  11,  12.  4to. 
tktjc :  SociMi  da  Boriia— BulleliDs,      Berie  sixiemo  Anne:  Trimedtre  4.    8 vol 
Du,  1881. 

EaM  India  jiifCH^tfm— Journal,  Vol.  XIII.  No.  3,   8m  1881. 
Editorm — Ainerioan  Journal  of  Bcieiice  for  Dec.  1881  and  Jan.  1882.  8vo. 

Aii&lftt  for  Dec.  1881  and  Jan.  1882.  Hvo. 

AtbensDia  fur  Dec.  1881  a;id  Jan.  1882.    4 to. 

Chemical  Newi  for  Dec.  1881  aod  Jan.  1882,  4to. 

Knpneer  for  Dtu  1881  and  Jan.  1382.  fot. 

llorotogical  Journal  for  Deo,  1881  and  Jan,  1862.  Sto. 

Ittiu  for  Deo.  1881  and  Jan.  1882,    4 to. 
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Meehanieal  Enffineergi  Inaliltitimi — Ppocaodinga*  1881.    No.  4.    8m  1681, 
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Ramsay,  A.  i;*^.— Scientifle  Roll,  Part  I.  No.  .1.   8vo.  1881. 
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Sodit^  Zooio*}ifint  rffl  ffflnce— De  la  Notnenclature  dea  Etoee  Organkf^B.  8vo. 
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Svo.  188L 
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I  m'kd  Sertice  hij^iiufioH,  BoynJ— Jnumftl,  No.  113.    Svo,  If^Sl. 
Vtrrtn  lur  Jiefikderung  ffci  Getrerhf!eiBft'»  tri  Preusftn — VirrhnmUnnijen,  1881, 

Xn.  10.  4to, 
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^^^■V        WEEKLY  EVENING  MEETING, 

1^^^  Friday,  February  10,  1882, 

Geoegs  Busk,  Eeq.  FiR.S.  Treasurer  and  Vice-Pmideut,  in  the  diair* 

E.  Feanklakb,  Esq.  D.CX.  F,R,a  M.BJ. 
\         Piofeetor  of  Cbemifltry  m  the  Nonnal  School  of  Science,  South  K«naington 

Museum. 

I  Climate  in  Town  and  Country. 

The  speaker  bogao  by  doacfibitig  the  conBtr action  and  mos  of  tb© 
inslniiQents  with  which  he  had  studied  the  conditioiiB  of  climate,  for 
mmj  years  past,  in  various  parts  of  Europe*  For  the  determination 
of  sun  temperature,  he  used  a  thermometer  technically  known  aa  the 
blackened  bulb  in  vacuo  laid  in  full  aunshine  upon  a  sheet  of  white 
pAper*  The  ahade  or  air  tempernture  was  measured  by  an  ordinory 
thatmomoter  with  a  clear  glass  bulb  and  a  scale  engraved  upon  the 
stem.  Tbifl  thermometer  was  placed  upon  the  same  sheet  of  paper, 
and  waA  shatled  by  a  small  white  paper  arch  which  admitted  of  a  free 
cironlntion  of  air  around  the  bulb. 

He  then  explained  tbe  terms  "  ann  temperature,'*  "  shade  tempera- 
tan/'  and  solar  intensity."  By  shade  temperature  ib  meant  the 
lea{Krrataro  of  free  air  in  fnll  ennshine.  Strictly  it  ought  to  be 
inrtAined  without  any  shade  at  all  ^  for  as  soon  as  a  shade  is 
prodnc43d,  conditions  are  introduced  which  often  entbely  baflSe  the 
abject  of  the  obserren  The  shade  of  a  parasol  has  a  different  tem- 
perature from  the  shade  of  a  tree,  and  this,  again^  differs  widely  from 
thttl  of  a  bouse.  The  temporatnro  of  the  shade  of  a  sheet  of  tinfoH 
ifl  ^nita  difterent  from  that  of  a  sheet  of  writing  paper.  Indeed  it 
mmj  he  tmly  said  that  every  shade  has  its  own  peculiar  temperature. 
The  following  table  shows  the  effect  of  the  area  of  shade,  and  of 
the  quality  of  the  shailing  material  — 

Boneatlj  Iftreh  trfie  ..  ..  19*5  C. 

whik^  punwil   26-0 

„      snin  11  white  peper  arch    35 '0 

1,      Huiatl  arc! ^  of  bnght  tinfoil     .,  45'2 

Thus  shade  temperatures,  meafttired  during  IJ  hours  of  unin- 
terrupted ean shine  in  the  middle  of  the  day,  and  within  a  few  yarda 
of  the  tamo  spot,  differed  by  no  less  than  25  ■  7°  0,  These  obscrva-* 
tions  were,  however,  made  at  Pontresina,  6915  feet  above  Bea-Ievel» 
and  so  wide  &  range  does  not  occur  at  lower  altitudei* 

The  most  effective  shading  material  is,  obviously,  that  which  most 
perfectly  reflectn  solar  heat ;  and  of  all  materials  with  which  ho  had 
experimented  white  paper       found  to  be  the  best^  white  linen  and 
Vol.  X,    (No,  75.)  o 
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ziDo-wbite  being  Dearly  equal  to  it*  Tbe  moet  tmat worthy  shade 
thormometor,  therefore,  is  one  haviiig  its  bulb  covered  "with  a  thiti 
layer  of  one  of  those  materials ;  or  the  naked  bulb  may  be  shaded  by 
a  email  arch  of  white  paper . 

The  term  '*  bud  tempemture,"  as  commonly  employed,  has  a  very 
vague  meaning.  If  a  body  could  be  placed  in  sunlight  under  such 
circumstances  as  to  absorb  heat  rays  and  emit  none,  its  temperature 
would  sooa  riGO  to  that  of  the  sun  itself.  But,  as  all  good  absorbers  of 
heat  are  also  good  radiators,  the  elevation  of  temperature  caused  bj  the 
esposure  of  even  good  absorbortj  to  eimlight  is  comparatively  small- 
Thaa  an  isolated  thermometer^  with  blackened  glass  bulb,  placed  in 
Bunshine,  will  rarely  rise  more  than  10^  0.  above  the  temperature 
wlssich  it  marks  when  screened  from  direct  sunlight  Under  these 
ci  r  cum  stall  cesj  however^  the  thermometer  loses  beat  not  merely  by 
radiation,  but  aleo  by  actual  contact  with  the  surrounding  cold  air.  If 
the  latter  source  of  lose  bo  obviatedj  a  much  higher  sun  temperature  is 
obtained.  Thus,  the  blackened  bulb  enclosed  in  a  vacuous  clear  gloss 
globe  will  souietimea,  when  placed  in  sunlight,  rise  as  much  as  60'^  0. 
above  the  fibode  t^peraturo,  and  a  still  higher  degree  of  beat  may  be 
obtained  by  exposing  to  the  suu's  raya  tho  naked  blackened  bulb  of 
A  thermometer  enclosM  in  a  wooden  box  padded  with  black  cloth, 
and  closed  by  a  lid  of  clear  plate  glass.  Thus  he  obtained  with  such 
a  box,  on  the  22nd  of  December,  in  Switzerland,  when  tho  air  was 
considerably  bolow  tho  freezing  point,  a  tempera turo  of  105*^  C,  and 
a  still  higher  temperature  coultl  doubtless  be  obtained  by  surrounding 
tho  thermometer  with  a  vacuous  globe  before  enclosing  it  in  tho 
padded  box.  These  widely  different  temperatures,  produced  under 
diiferent  conditions  by  the  solar  rays,  show  that  such  obBervationfi 
CMin  be  comparative  only  when  the  thermometer  employed  to  measuie 
them  IB  always  surrounded  by  the  same  conditions.  All  the  sun 
torn  per  ft  tur  08  here  mentioned  were  measured  when  the  "bhvckened 
bulb  hi  vacuo "  Was  laid  horizontally  upon  a  sheet  of  white  paper 
with  its  stem  at  right  angles  to  the  direction  of  tho  sun's  rays. 

"  Solar  intensity "  is  relative  only,  and  means  tho  number  of 
degrees  through  which  the  sun  raises  the  temperature  of  a  blackened 
bulb  in  vacuo  over  the  shade  temperature.  Ho  ace  the  two  tempera- 
tures muBt  bo  observed  simultaneously,  which  is  a  laborious  operation 
when  continued  half-hourly  throughout  tho  day.  By  the  use  of  a 
peculiar  self-registering  differential  thermometer,  however,  which  he 
hod  recently  described  to  the  Koyal  Society,*  the  maximum  solar 
intensity  during  tho  day  is  recorded  by  one  reading  only.  Tho  solar 
intensities  commented  upon  in  this  discourse  were  ascertained  by 
subtracting,  in  each  ease,  the  shade  temperature  from  the  snn  tern- 
peratnro  taken  synchronously,  Tho  precautiooa  necessary  are 
described  in  the  pai>er  to  the  Royal  Society  just  quo  ted. 

Tho  chief  things  affecting  cdimato  are  tho  following ^1)  The 
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Sim.  (3)  Laud  and  wiater — occnn  and  atmospberio  currents.  (3)  Aspect 
— tloptt  of  ground,  cipo&ure  or  slielter,  (4)  Natiiro  of  surface* 
(5)  EeflectiQEi  from  land  and  water.  (6)  Rain  and  clouda — Buep^ndeti 
matter  in  the  air.  (7)  Latitude — incidence  of  solar  raye,  thiclaaGfifl  of 
wr.  (8)  Presence  or  absence  of  aqueous  mpour.  Of  tLese,  the  first 
tbee  are  obTions  and  require  no  comment,  Tbo  remaiiaclor  are  Icbs 
wbU  kziowiL,  but  tbeir  importance  demands  our  special  attention. 
Climate,  or  rather  genial  climate,  is  ultimately  resolvable  into  two 
iMtors — sun-warm tb  and  air-warmth-  The  amount  of  son- 
(aBBuming  the  sun's  h^t  to  be  constant)  depends  upon  two 
tilj — length  of  day,  and  quantity  of  guspended  matter  and 
wpour  in  the  air.  The  warmth  of  the  p.ir  depends  upon 
eoataet  with  matter  heated  by  the  sun's  rays  and  upon  the  stoppage 
of  iftdmtifm  from  the  earth  by  aqueous  vapour.  This  heated  matter 
ii:~{l)  8m  or  land,-  (2)  Suspended  matter  in  the  air — cloud,  dnst» 
mka.   (9)  Aqueous  vaponn 

Tlwve  two  fiftctors  were  first  considered  in  their  relation  to 

The  feeling  of  warmth  and  comfort  in  the  open  air  is  produced 
iftbdr  direct  solar  radiation,  even  if  the  air  be  very  cold ;  or  by 
fta  vaxmih  of  the  air  itself*  Upon  both  of  these^  the  nature  of  the 
■oboe  upon  which  the  sunlight  falls  has  a  paramount  infiuunee,  as  is 
•Mi&oim  the  results  of  experiments  on  sun  temperature  recorded  in 
tt« Mowing  table:— 

^  '  IlfKLraiKV  OF  8t  RF.VCK. 

Qraeagnat     57  3  C, 

fwhsAsnm.   Gl  2 

Butaofl  ,   60'G 

Ke^ljr-mowQ  ..  „  56*5 

WbiWi  popor   ..  73*5 

ffmc  flawed  J, 

Bhck  cBoalchoiie   5i'7 

Bkeknlk     56-5 

Fktke  elui  numr 64-0 

Sljgbtly  concave  metallie  mlmr . .    64  '0 

6ie«Qgran                           ..  58-5 

Wbile  paper   67*7 

SvitztrUmd.    MtyrtaraUch  Gioiner, 

BiAck  imoiitcbdso        ,.    39^0  0. 

Bu»tthil£i«fi   47*5 

WhiUpftper   53*0 

Summit  u/  Gomergrai,  ^ 
Dtudins  white  mow    .<    .«               **  C. 
WhU^papw     61-2 

WWilAMper    66-2  0. 

Qnm     \!  5*0 

UtrffO^  B4'0 

^  ,  ..  56-4 

c  2 
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Diavolezza,  ^ 

Black  oaontohoQc   39*1  C. 

Snow    61*9 

White  paper   65-8 

Italy.    Bellagio.  ^ 

Black  caoutchouc   60*0  C. 

Black  merino   59*0 

White  linen   66-0 

White  paper   66*3 


These  results  may  be  imitated  with  the  powerful  light  from  a 
Siemens'  dynamo-machine.  [Experiments  shown.] 

The  warmth  of  the  air  over  these  surfaces  was  in  the  inverse 
order,  caoutchouc  heating  the  air  most,  white  paper  and  snow  least 
The  nearer  the  colour  of  the  ground  approaches  to  vohite,  the  more 
genial  will  be  the  climate  from  radiation  and  the  cooler  will  be  tiie 
air.  The  nearer  it  gets  to  hlacky  the  warmer  will  be  the  air  and  the 
less  will  temperature  be  due  to  radiation.  Dark  surfaces  warm  the 
•air ;  light  surfaces  keep  it  cool,  but  warm  the  body  by  radiant  reflec- 
tion. The  difiference  is  substantially  the  same  out  of  doors  as  that 
produced  indoors  by  a  close  stove  on  the  one  hand,  and  an  open  fire 
on  the  other ;  but  calm  air  is  required  for  the  enjoyment  of  radiant 
heat. 

The  sun's  radiant  heat  may  be  greatly  reinforced  by  reflection 
from  surrounding  objects.  There  are  two  kinds  of  reflectors ;  those 
which,  like  white  paper,  white  linen,  and  whitewash,  scatter  the  solar 
heat  in  all  directions,  and  those  which,  mirror-like,  reflect  it  in  one 
direction  only.  To  the  former  belong  snow,  chalk,  light-coloured 
sand,  and  light-coloured  earth ;  to  the  latter,  water.  The  former  are 
useful  on  whatever  side  they  may  be,  the  latter  only  when  they  are 
between  the  observer  and  the  sun.  The  observations  in  the  fol- 
lowing table  illustrate  this  effect  of  reflection  from  surrounding 


objects : — 

Influence  of  Beflbcttion  from  Subroundino  Objects. 
Fnm  a  white-washed  wall.  Pontresina. 

On  white  paper  10  feet  from  wall    38*7  0. 

„  in  adjoining  meadow    27*7 

From  water.    Top  of  cliff  at  Alum  Bay^  lale  of  Wight. 

Direct  and  reflected  rays   31**2  0. 

Direct  rays  only  25*7 

Zurich.    One  mile  from  Lake. 

Direct  and  reflcctod  rays   31°0  0. 

Direct  rays  only  31  '5 


M.  Dufour  has  observed  the  same  phenomenon  on  the  lake  of 
Geneva  between  Lausanne  and  Vevay.  He  has  measured  the  propor- 
tions of  direct  and  reflected  heat  at  five  different  stations  on  the 
northern  shore  of  the  lake,  and  the  results  are  condensed  in  the 
following  table ; — 


on  Climate  in  Tmn  and  Country, 


21 


AlUiitilcofSan. 
8^  34'  Id  38 
10* 


PntportloD  of  direct  to  reQe«LeJ  but. 


100  :  6«. 

100  :  40  to  50- 

100  :  20  to  30. 


When  the  buh  was  tigher  than  30°  the  reflected  heat  was  hardly 
perceptible.  Hijtice  this  refloctioD  is  of  tho  greatest  Talu©  in  winter, 
wbcQ  it  is  most  waatefl,  and  it  also  tends  to  equalise  temperature 
doring  the  day ;  for  in  the  tjarly  morning  and  evening,  when  the  stm 
ia  lowj  and  his  direct  heat  is  small,  the  reflectt>d  heat  is  grcatcBt. 

The  bearitipr  of  thes©  ohservatioiiB  upon  wintet  r^fiige^  for  invalids 
is  obvious.  While  tho  primary  conditions  to  bo  secured  must  ever 
bo  fine  weather  and  a  sheltered  paeition*  the  next  in  importance  is, 
doubtlesfl,  eipofiuro  all  day  long  to  reflected,  as  well  as  direct,  solar 
rajiifltion.  To  realise  this,  a  southern  aspect  and  a  coneiderablo 
ei^ponsc  of  water  or  snow  are  necessary,  and  it  i^  important  that  the 
sanitarium  should  be  considerably  and  somewhat  abruptly  elevated 
above  the  reflecting  surface,  so  that  it  may  recoive,  throughout  the 
entire  day,  the  uninterrupted  reflection  of  the  sun's  rays.  At  or  near 
th.o  sea-level,  however,  it  is  imposeibloH,  owing  to  solid  and  liquid 
matters  floating  in  the  lower  regions  of  the  atmosphere,  to  enjoy  any- 
thing  approaching  to  a  uniform  temperature  from  sunrise  to  sunset. 

Although  this  suspended  matter  exists  eyen  at  great  altitudes,  tho 
hulk  of  it  floats  bolow  5000  feet,  and  whilst  only  one-siith  of  the  atmo- 
sphere is  below  this  height,  there  is  probably  much  more  than  one- 
LaJf  of  the  suspended  matter  at  a  lower  elevation.  As  might  be 
€jxpected,  therefore,  solar  intensity  is  much  greater  at  high  than  at 
low  elevations,  although  the  temperature  of  the  air  continually 
decreases  as  it  is  further  removed  from  tho  earth's  surface.  The 
following  tables  contain  observations  illustrative  of  this  point : — 

Solas  iNTEBrsTTT, 


OatlaTidM  Park 
Rifitilberg 

Goruer  grat . . 


I«1e  of  Wight 
BliTclberg 
Pii  Longuanl 


P{*iitr9«tiia . 
B^miaa  Hoipits 


SljiflliDm  i . 
Ikhwnrxliorri 


of  Plammi-t^?. 

Iiidlc«t«J 

inch. 

=  a 

29-9 

60 

41*5 

22  0 

GO 

45*5 

21^2 

GI 

48  1 

205 

Gl 

47*0 

30  0 

58 

42  3 

22-0 

GO 

45 '5 

20  2 

54 

45S 

30  1 

50 

37-8 

24  0 

49 

44  0 

22-6 

51 

4«  4 

20-6 

50 

69-5 

29-3 

47 

30-8 

21-6 

46 

43*5 

20*3 

46 

45 '5 
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Shaob  Tempebatubes  at  Noon  akd  diffbbbmt  Altitudes. 


StaUon. 

Height  above  Sea. 

Son's  Altitude. 

Temperature. 

feet. 

o 

°C. 

Uatlanus  iraiK  . .     .  • 

1  an 

tin 

8,428 

60 

24-5 

9,491 

61 

20- 1 

10,289 

61 

14-2 

60 

50 

32-2 

Aak,  Romsdal  . . 

20 

49 

36-2 

5,915 

49 

26-5 

Bernina  HoBpitz 

7,644 

51 

191 

9,767 

50 

60 

700 

47 

28-5 

8,924 

46 

230 

Schwarzhorn 

10,338 

46 

20-5 

Hence  it  follows  that  the  difference  of  solar  intensity  between 
noon  and  sunrise  and  sunset  respectively  is  less  at  great  than  at  small 
elevations,  a  deduction  which  is  substantiated  by  the  experimental 
data  contained  in  the  following  table : — 

Vabiation  of  Solab  Intensity  at  Diffebent  Houbs. 


SUUon. 


Isle  of  Wight 
»»  »» 


At  Sea 
Riffelberg  (8428  ft.)  .. 
Goraergrat  (10,289  ft.) 


Time. 

Solar 
Intensity. 

«C. 

Noon 

423 

8.30  P.M. 

34-7 

Noon 

421 

3.15  P.if. 

33-6 

Noon 

41-7 

3.50  P.M. 

83-3 

8.30  A.U. 

33-8 

Noon 

41-7 

8.20  A.1I. 

40-9 

Noon 

45  5 

?» 

47-0 

Spjf. 

41-7 

Difffrenoe. 


7-  6 

8-  5 
8-4 
7-9 

4-  6 

5-  3 


Similar  testimony  is  also  afforded  by  a  comparison  of  early  and 
late  observations  at  widely  different  altitudes : — 

Vabiation  of  Solab  Intensity  at  Diffebent  Altiti  des. 


Station. 

Time. 

Sun's  Altitude  |  Height  above  !  Solar 
at  Noon.              Sea.  Intensity. 

DUTerenn. 

AtSoa..  .. 
Kiffelbcrg  .. 
AtSi-a..  .. 
Kiflfelbcrg  .. 

AM. 

7.35 
7.45 
8.8 
8.20 

■        feei.         \         OQ.        \  °C 
72        ;         0               28-6  \ 
GO              8428             37-2     /,       ^  ^ 
72                0               30-3  \! 
GO        i       8428             40-9     /■  ® 
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The  Bnn%  altitud©  was  im favourable  for  the  comparison ; 
nevertheleflfl,  there  were  here  observed  differences  of  8'G  C,  and 

The  farther  we  recede  from  the  earth,  the  nearer  we  realise  the 
conditions  of  solar  radiation  altogether  outside  the  limits  of  the 
atmosphere,  where  the  solar  inteaaity  (assuming  the  sun's  emission 
to  retnaio  constant)  is  uniform  from  sunrise  to  sunset.  Throughout 
the  dreary  winter  days,  when,  even  in  the  country,  a  leadeu  skj 
oppresses  us^  it  is  toiitaliaLiig  to  reflect  that,  at  the  moderate  height 
of  6000  feet^  which  can  be  reached  by  a  balloon  in  a  few  minutcsj 
there  is  probably  blue  sky  and  brUliant  eunshiue. 

Latitude  profouudly,  though  irregularly,  affects  air  temperflture, 
for  in  high  latitudes  less  solar  heat  falls  upon  each  square  foot  of 
the  oarth^s  surface,  and  therefore  the  air  resting  upon  that  surface  is 
wiirmed  to  a  leee  extent*  But  obliquity  of  tho  sun's  rays  has  no  such 
inflaenoe  on  solar  inlensity,  for  the  highest  readings  of  solar  heat 
ftt  or  near  sea^l^vel  have  been  observed  near  to  the  Arctic  circle,  as 
IB  mm  from  the  following  table ; — 


Soi-Aa  IkTINSTTY  in  DTTFEBENT  LATHmEB* 


SUUon. 

Son's  AUliudc. 

Sua 
Temperattin. 

Sa\ar 
Intensity. 

o 

°c. 

At  Sea      .  ,  „ 

Q 

84 

78-9 

41-7 

OtttlaDd«Fluk 

52  N. 

Ul 

75-0 

45-0 

I^ofWi^t 

51  u 

58 

72-3 

42'3 

At  Bfltt   

23  ^ 

56 

71-7 

45 -0 

51  „ 

53 

68-7 

To«i«ii  Vierod  „ 

59 

52 

73  5 

M  „ 

50 

67-8 

36*8 

Aak,  eomfldal 

63  „ 

40 

48-7 

Ai6» 

30  „ 

48 

70-3 

^3-6 

fitUi^   

*5  „ 

47 

68-3 

S9'8 

Thes©  results  show  that,  with  an  obliquity  of  only  C*^,  the  sun 
teonperature  and  solar  intensity  were  respectively  only  78  "9°  and 
41 -T**  C;  whilst,  with  an  obliquity  of  41°,  they  were  82*6'*  and 
48*7^  C*  On  th€  equator  qI  noon,  with  a  nt'nrljf  terikal  sun^  the  solar 
iniemit^  ai^luaUtf  7"  C,  lower  than  in  Roimdal,  only  ^  8*  of  the 
Arctic  circle.  On  the  other  hand,  air-warmth  diminishes,  as  a  rule,  with 
of  latitude,  although,  as  the  following  table  showa  there  are 
lemarkable  eict^ptiuns,  for  it  was  1^  higher  in  lat,  52^  N,  with 
an  obliquity  of  29^,  than  in  lat.  6^  N*  with  an  obliquity  of  only  12°, 
and  in  the  high  hititurle  G3^,  with  an  obliquity  of  41^,  it  was  only 
V  C,  iu  arrear  of  the  air-wanuth  at  tho  equator  with  on  obliquity  of 

dy 
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Bhadb  Tempebatubb  at  ub  near  Noon  and  S£a-Letkl. 


station. 

UliilvuUe. 

Sun's  Apparent 
Altitude. 

Tf  mnprnt  ii  tip 

^"  - 

At  Sea,  April  10 

97 
OI 

XO  «7 

M 

March  23 

Q1 

SI  „ 

>» 

II 

22 

„ 

ou 

9Q.7 

»• 

18 

^1  ti 

Ou 

oz  0 

)» 

»> 

17 

Z3  „ 

Oo 

0^  0 

11 

16 

on 
20  „ 

00.4. 

»1 

♦I 

13 

1 1 

37 '2 

»» 
♦1 

ii 

12 

10  „ 

oo 

07.9 

Of  £ 

}« 

11 

Q 

»  II 

QK 
OU 

00  <l 

1» 

»» 

6 

A 
V 

Q  f  M 

>» 

4 

3N. 

81 

300 

♦  » 

» 

3 

II 

78 

29-4 

»» 

Feb. 

2 

8  ,1 

75 

31-7 

»> 

24 

17  „ 

64 

280 

»» 

>» 

20 

21  ,1 

58 

28-3 

»» 

»♦ 

19 

23  „ 

56 

27-2 

»» 

»i 

16 

80  „ 

48 

28-9 

4« 

Jan. 

27 

51  ,. 

21 

10-6 

Bellagio,  Sept.  17 

45  „ 

47 

28-5 

Oatlands  Park,  June  8 

52  ,. 

61 

300 

Isle  of  Wight,  Muy  13 

51 

67 

28-9 

» 

i» 

i» 

14 

51  „ 

58 

290 

II 

If 

15 

51  „ 

58 

300 

Whitby,  Aug.  16 

51  „ 

50 

32-2 

Aak,  Romsflal,  July  15 

63  ., 

49 

36-2 

Shortly  summarised,  therefore,  the  conditions  most  favourable 
for  a  genial  climate — 

Depending  on  solar  intensity,  are — 

1.  Great  elevation  above  sea-level. 

2.  A  light-coloured  ground  and  back- 

ground. 

3.  Shelter.   Reception  of  direct  and 

reflected  rays. 

4.  A  clear  sun  with  white  clouds. 

5.  A  clean  atmosphere.    No  dust, 

smoke,  or  fog. 

6.  A  minimum  of  watery  vapour  in 

the  air. 


Depending  on  air  temperature, 

1.  Slight  elevation  above  sea-level. 

2.  A  dark-coloured  ground  and  back- 
ground. 

3.  Shelter.   Reception  of  direct  and 
reflected  rays. 

4.  A  dear  sun  with  white  olonds. 

5.  A  clean  atmosphere.    No  dust, 
smoke,  or  fog. 

6.  A  maximum  of  watery  vapour  in 
the  air. 

Thus  whilst  there  are  three  conditionB  common  to  both  categories, 
the  three  remaining  ones  are  diametrically  opposed  to  each  other. 


Town  Climate. 

The  climate  of  towns  depends  upon  the  same  essential  oonditions 
as  that  of  the  country,  but  some  of  these  are  more  wiihin  our  own 
control  in  towns. 

The  great  evils  of  our  town  climate  are  excessive  heat  in  summer 
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and  cheerless  gloom  in  winter.  We  snffor  lesetj  however,  from  eicea^ 
siTe  solar  iutensitj  than  continental  cilies  between  the  aame  par<illels 
of  Utitude,  owing  to  tbe  very  canpes  whicli  plunge  ns  into  a  more 
miserable  gloom  in  winter.  Light-coloured  walle  neither  mako  our 
streets  look  cheerful  nor  feel  hot.  Such  sail  colours  as  brick,  Bt(jDe, 
BtUGCOf  or  paint  give  to  our  houses  are  soon  changed  to  a  grimy 
neutrnl  tint,  powerless  to  reflect  eitber  solar  light  or  heat. 

The  darker  the  colour  of  the  houses,  the  cooler  the  streets  and 
the  hotter  the  rooms  during  sunshine,  and  vice  versd*  Whilst  the 
Bummer  climate  in  our  streets  and  houses  is  thus,  to  a  considerablQ 
extent  controllable,  that  of  winter,  which  depends  i^o  much  on  a  clean 
atmoepbere,  is  still  more  so.  All  our  towus  are  nearly  at  the  sea- 
liml,  a  position  favourable  for  air*,  but  not  for  son- warmth.  In  our 
Ifti^  towns,  however,  we  artificially  create  an  impcnetrahlo  bar  nor 
to  Bolar  radiation  by  throwing  into  the  air  the  iniporfectly  burnt 
protltiets  of  bituminous  eoaL 

These  products  are  of  three  kinds— soot,  tar  and  steam.  Every 
ton  of  hitamiuoua  coid  burnt  in  our  grates  gives  off  about  6  cwts. 
of  'volatile  hut  condensable  products.  The  less  perfect  the  combus- 
tioii  the  more  tar  and  the  lesa  steam  will  be  produced »  If  perfectly 
bnmt  without  any  amoko,  then  about  9  cwts^  of  steam,  occupying 
27,359  cubic  feet  at  100''  C,  or  20,024  cubic  feet  at  0^  C.  will  be  sent 
into  the  air.  Now  33,333  tons  of  bituminous  coal  are,  on  the 
avmge»  daily  consumed  in  London  in  winter,  giving  667460,000 
enbic  feet  of  steam  at  0°  C. 

This  combnMion  of  enormous  quantities  of  hituminous  coal  acts 
in  the  production  of  town  fog  in  tbree  ways: — 1st.  By  supplying 
the  basia  of  all  fog— condcuBod  watery  particles.  2nd.  By  determining 
the  COD  dentation  of  atmospheric  moisture  in  the  form  of  fog« 
8rd.  By  coating  the  fog  particles  with  tar,  and  thus  making  them 
more  pt^rsistent. 

All  fogs  'have  for  their  basis  watery  particles,  and  the  greater 
part  even  of  the  suspended  matters  visible  in  a  ray  of  electric 


when  it  is  heated  somewhat  above  100"^  C.  [Experiment  shown], 
ETcry thing  therefore  which  increases  the  projHjrtioii  of  ftqueoua 
in|H>iir  in  town  air  tends  to  prmluce  fog.  But  aqueous  vapour  alone 
v^ild  probably  never  produce  fog,  for  it  condenses  at  once  to  large 
pATticlos,  which  rapidly  fall  as  rain.  When,  however,  solid  or  liquid 
|jiirticle«  are  present  in  the  sir,  the  minut©  spherules  of  fog  are 
pruduoed.  This  was  first  shown  by  Messrs,  Coutier  and  Mascart,  in 
1875,  uid  their  results  have  since  been  confirmed  by  Mr.  Aitkin, 
The  apeaker  showed  that  air  filtered  through  cotton  wool,  though 
liter vrarda  saturated  with  moisture,  produced  no  fog  when  its 
Imipe'ratiire  was  lowered ;  but  as  emu  as  a  emaU  quantity  of  the 
4ail7  air  of  tho  theatre  was  admitted  fog  was  immediately  formed, 
whiUt,  when  a  little  coal  smoke  was  introduced,  a  dense  and  more 
iviileiit  fog  was  the  result 
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Til©  fog  once  formed  is  rendored  more  persistent  by  tlie  csoating 
of  tarry  matter  wliicb  it  receiveB  from  the  products  of  the  imperfect 
combnsbiDU  of  smoky  coaL  The  speaker  hibd  made  Dumcrous 
experimonta  on  the  retardation  of  evaporation  by  films  of  csoal  tar. 
He  bad  foumt  that  the  evaporatioa  of  water  in  a  platinara  dieh 
placed  itt  a  strong  draught  of  air  was  retarded  in  one  ejEperiment  by 
84  per  cent,  and  in  another  by  78  *  6  per  cent.,  when  a  tUin  film  of 
co&I  tar  was  placed  on  the  surfaces.  Even  by  the  mere  blowing  of 
coal  smoke  on  the  surface  of  the  water  for  a  few  seconds^  the 
evaporation  was  retarded  by  from  77*3  to  81*5  percent  Drops  of 
water  guBpended  in  loops  of  platintim  wire  were  also  found  to  have 
their  evaporation  retarded  by  coal  amoke.  Hence  arise  the  eo- called 
dry  fogs  which  haTo  been  observed  by  Mr,  Glaisher  in  balloon  ascents, 
some  examples  of  which  aro  given  in  the  following  table : — 

FOQ  IS  COatPAEATlVELT  DBT  AlB, 


Hooe  of  AoceoL 

Altitude. 

Temperature 
ijf  Air 

of  liuniiiliiy. 

feet 

"F. 

100  =  Sialiir&iioii« 

Wol  vprha  tn  pton 

5,922 

61 

Crystal  Pulace 

3,698 

38  5 

62 

ft  Jl 

9,U0O 

32-5 

52 

1,000 

64^7 

53 

11,000 

30  0 

m 

6,000 

44-0 

4,400 

42-0 

52 

Thus  the  amoke  of  our  domestic  fires  cons titu toe  a  potent  causo 
both  for  the  generation  and  the  persistency  of  town  fogs.  In  London, 
at  aU  events,  if  all  manufacturing  operations  were  absolutely  to 
cease,  the  fogs  would  not  be  perceptibly  less  dense  or  irritating. 
Granting  then  this  cause  of  town  foge,  what  are  the  remedies  open 
to  us  ?  The  speaker  wbs  of  opinion  that  the  substitution  of  a  suffi- 
cient number  of  amoke-coneuming  grates  (assuming  a  smoko-con- 
snmiog  grate  to  have  been  invented),  for  tho  1,800,000  fire-placcB  of 
London  was  quite  hopeless,  and  that  ono  remedy  only  could  be 
of  any  appreciable  servic(3 — iJie  importation  of  hituminom  eoal  must  he 
forbidden.  This  is  a  case  in  which  individual  effort  can  do  nothing  ; 
but  State  or  municipal  action  would  be  simple  and  decisive. 

There  need  be  no  fear  that  the  pnce  of  Bxnokoloss  fuel  would  rise 
inordinately,  for  the  sources  of  this  fuel  are  too  numerous  and  inex* 
haustible  to  admit  of  either  a  monopoly  or  a  serious  rise  in  price.  In 
addition  to  tho  enormous  stores  of  smokeless  coal  in  the  Welsh  coal- 
fields, every  bitujninouB  coal  yields  a  smokeless  coke,  cither  in  the 
retorts  of  gasworks  or  in  coke  ovens.  On  the  average,  100  tons  of 
smoky  coiU  yield  60  tons  of  coke,  tho  remaining  40  tons  being 
driven  off  as  combTifitiblo'*'gas,  ammoniacal  liquf»r  and  tar ;  and  as 
there  is  an  almost  unlimited  demand  for  these  products,  it  is  not 
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tmlikely  tbat  ihey  woald,  ander  tbe  circumBtances  contemplaied,  repay 
the  cost  of  coking,  and  it  is  wortty  of  noto  that  coal  of  very  inferior 
qaality  m&kes  fairly  good  c<jkc. 

The  only  objection  to  the  domestic  nao  of  smokeless  coal  and  coke 
Is  the  difficulty  of  lighting  the  fire,  but  this  is  ohviated  by  the  hbo  of 
gas  fts  proposed  by  Dr.  Siemcna,  In  ordinary  grates,  however,  there 
lA  little  difficulty  in  lighting  aud  burning  these  Bmokeleee  fuels  if  the 
throat  of  the  chimney  be  contracted  so  as  to  increaso  the  dmughti  In 
tbk  way  nearly  every  grate  in  London  could  be  rendered  smokeless  at 

expenditure  of  a  couple  of  shillings. 

It  is  unnecessary  to  enumerate  the  many  advantages  of  a  smoke- 
lees  atmosphere,  but  it  may  hero  be  monttoued  that  London  fogs  not 
only  seriously  injure  health  bat  annually  destroy  the  lives  of  thou- 
Mnids.  In  one  week  alone  np\^arda  of  1100  lives  have  been  thus 
Mcrificed  in  London.  W©  have  doubtless  still  long  to  wait  before 
tli6  only  remedy  for  London  fogs  will  he  adopted ;  but  in  the  mean- 
tuna,  immunity  from  their  effects,  so  far  as  the  respiratory  organs  ax's 
OOHOernod,  may  be  obtained  by  the  use  of  a  small  and  very  portable 
<K>ttoti-wool  respirator  which  is  made,  in  accordance  with  the  speaker's 
directions,  by  Mr.  Casella,  of  Holbom,  [Respirator  eihibitcd,] 
Arnied  with  this  little  instrument^  ha  had  often  passed  through  the 
densest  and  most  irritating  fogs  with  perfect  immunity,  breathing,  in 
fact,  all  the  i\m%  air  even  purer  than  that  of  tho  country.  Such  a 
remedy  ia,  however,  obviously  of  extremely  limited  application. 

In  conclusion  he  said,  though  we  may,  with  justice,  complain  of 
the  scanty  share  of  sunshine  now  received  by  us,  let  ns  not  forgot  that, 
in  onr  coal-fields,  we  are  compensated  by  vast  stores  of  the  sunlight 

pAst  ages.  How  far,  through  electricity,  those  stores  can  be 
evoked  to  supplement  the  present  defective  supply,  he  would  be  a 
bold  man  who  would  venture  to  predict.  Lot  us  not,  however,  con- 
tinue to  use  this  great  legacy  of  light  of  the  past  to  obscure  the  small 
one  of  the  prcfient. 


WEEKLY  EVENING  MEETING, 
Friday,  February  17,  1882. 
FfiSDEaicK  Beamwell,  F.E.S.  Vice-President,  in  the  Chair. 
FaoFEssoB  JoEN  G,  MoKendbick,  M.D,  F.H.S.E, 
T]^  Breathing  of  Fishes. 
(Abffltiact  defLTrtd,) 


28       Sir  B.  C.  Brodie*$  Reaearches  on  Chemical  AUotropy.  [Feb.  24, 


WEEKLY  EVENING  MEETING. 
Friday,  February  24,  1882. 
Sib  Fredebick  Bbamwell,  F.K.S.  Vice-President,  in  the  CLair. 
Pbofessob  Oduno,  M.A.  F.E.S.  M.R.L 
Sir  B,  C,  Brodie's  Besearches  on  Chemical  Alhtropy, 
(Abstract  deferred.) 
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WEEKLY  EVENING  MEETING, 
Friday,  U&xch  3,  1882. 


William  Bowmah,  Ea<i,  LL,I>.  Honorary  Secrotaiy  and 

Tice-Preflident,  in  the  Ctftir, 


Thb  speaker  began  by  refornDg  to  some  Bom  an  remains  discovered 
near  Warwick  Sqnaro,  E.C.  London,  last  joar,  about  nineteen  feet  below 
the  present  imrface ;  and  with  remarks  on  a  series  of  diagrams  illus- 
trating tho  history  of  Boman  Londou,  and  ite  site,  boundaries^  walJs, 
and  streets,  and  tlie  principal  roads  issuing  from  it  to  otber  parts  of 
tbe  islaad. 

Many  specimens  of  the  relics  discoTered  and  large  drawings  of 
others  were  eiUibited.    They  will  go  to  the  British  Museum,  on  loan. 

The  coLleetion  includes  several  cinerary  nrns,  containing  thd 
tcfluJte  of  the  eromation  of  human  bodies.  One  urn,  fifteen  inches 
high,  was  of  glass.  A  remarkable  turned  vase  of  stone  was  found. 
Four  of  tlio  urns  were  inclosed  in  leiulen  oesuarise,  made  without 
solder ;  some  of  the  remainder  were  protected  by  roofing  tilee. 

On  the  inside  of  one  os&uarium  was  an  emblem  of  Mithra,  the 
Persian  sun-god.  The  lecturer  explained  its  difference  from  the 
emblem  chosen  by  tho  Emperor  Congtantinc.  It  diners  from  the 
early  Christian  labarum  in  being  an  eight-rayed  cross  without  the  B. 

In  referoneo  to  the  osauariHs,  Mr.  Tylor  said  that  the  arts  of  smelt- 
ing and  working  lead  were  practised  and  probably  invented  in  this 
country  in  very  ancient  times  ;  and  that  at  Avignon  and  Lyons  he  saw 
liomatt  lead^work,  bearing  the  inscription  *'  Oantius,"  i.  e.  a  Eentish- 
iiia£u"  Another  British  word,  Cunobarrus,  was  found  on  load-work 
ftl  Caiator  near  Petorboro'«  This  specimen  is  now  in  the  British 
Ktiwmn. 

The  coins  found  during  Mr.  Tyler's  eicavations  were  dated  from 
a.D.  46  to  300.  The  date  of  tho  Mithraic  emblom  was  considered  to 
bo  Booii  after  A.n,  60,  much  earlier  than  that  on  the  Portland  Vase. 

Saggtstive  remarks  were  made  on  tho  probably  advanced  stage  of 
drilhiatioQ  in  Britain  at  the  time  of  the  Roman  invasion  indicated  by 
Hie  ttetttmt&tB  of  eoutemporory  historians  and  other  sources. 

In  Miclnaion,  Mr.  Tyler  stated  that  tho  greatest  care  hail  been 
taken  to  lay  down  the  exact  position  of  each  article  found,  on  a  plan, 
and  Ibai  ibis  would  be  published  in  Ihe  '  Arch^elogia '  shortly. 


ALFft£0  Tylob,  Esq.  F.G,S.  MMJ, 
Moman  Antiquities  recenti^  found  in  London. 
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GENERAL  MONTHLY  MEETING, 
Monday,  March  6,  1882. 


George  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President,  in  the  Chair. 


Walter  H.  Coflin,  Esq.  F.L.S.  F.C.S. 

Andrew  Ainslie  Common,  Esq.  F.B.A.8. 

Duncan  Darroch,  Esq. 

Captain  Montagu  Dettmar, 

Francis  T.  Edgeworth,  Esq.  M.A. 

Mrs.  John  Macnaught, 

Yice-Admiral  Frederick  Augustus  Maxse, 

M.  de  Meritens, 

Wilson  Noble,  Esq.  M.A. 

George  William  Stevens,  Esq. 

Frederick  Purdy,  Esq.  F.S.8. 

Frederick  Bamadge,  Esq. 

Mrs.  George  J.  Romanes, 


were  elected  Members  of  the  Boyal  Listitution. 

The  Special  Thanks  of  the  Members  were  returned  to  M.  Janssen 
for  his  Photographs  of  the  Sun. 

The  Chairman  reported  that  he  had  received  the  following  Letter 
from  Mr.  Warren  De  La  Rue : — 


**  I  am  deeply  sensible  of  the  indulgent  apmeciation  of  my  serrioes  as 
Secretary  of  the  Boyal  Institution,  expressed  in  the  Keaolation  of  the  Oommittee 
of  Managers  on  December  16th,  1881,  and  adopted  by  the  Oeneial  Ifeeting  of 
Members  yesterday. 

"  The  kind  and  sympathetic  feeling  which  pervades  the  elegantly  expressed 
document,  in  which  the  sentiments  of  the  Managers  are  emoodled,  u  moit 
gratifying  to  me  and  my  family. 

"  On  my  part  I  can  assure  you  that  no  post  I  have  ever  held  has  been  pro- 
ductive of  so  much  satisfaction  and  pleasure  as  that  which  I  most  reluotantly 
resigned  on  account  of  failing  health. 


far  distant,  when  Faraday  first  conferred  on  me  the  boon  of  a  Friday  Evening 
card. 

My  interest  in  the  Boyal  Institution  will  never  cease. 

*•  Yours  sincerely, 

*♦  Warren  De  La  Bui.*' 


"  DxAB  Mr.  Busk, 


**  73,  FoBTLAKD  Place,  W. 

February  7, 1882. 
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The  following  arrangements  for  the  Lecturee  after  Easter  wer© 
announced —  t 

Edwabd  B.  Ttlou,  E»q,  D.CX,  F,R.9,— Four  Lectures  ott  The  HjaroRT  or 
CdflTOiu  AiTD  Belts^^;  on  Tue^ja,  April  18  to  May  % 

PttotraMB  Arthur  Gaii{iee,  M.D.  F^.S.— Four  Lectum  tm  DiOEaTiosr ;  on 
Tnrfidays^  Mkj  16  %q  Juno  6, 

pBomeoB  Dewad,  M.A.  F.R.S.— Eight  LecturcB  on  The  GiraMiCAL  and 
^HTOCU  FaoFKHTLEa  ow  THE.  McTJ^Ls  :  OH  Tbur&dayifj  April  *20  to  Juna  S. 

Fbederice  Pollock,  Esq.  M.A.— Four  Leciurea  on  Tbb  HiffroRT  off  thk 
SqlEKGK  OF  Politics;  ou  Saturday April  22  to  31  ny  13. 

Batw  Masso!!,  Eaq.  LL.D.  F.B.S.E.  Profesanr  of  Rhetoric  and  Engliah 
Litemtarep  Univeralty  of  E^tuiburgL.^ — Four  Lectures  on  Poetry  and  its 
LrrsBABY  FoKHfl ;  on  Saturdnys,  Maj  20  U>  Jmie  10. 

The  PfiE5EKT8  Teceived  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz,  : — 


Secrfiartf  nf  StaU  for  India — BepoH  OD  PtibBc  Inbtrtictioti  iu  Bengal,  1830-1, 
foL  1881, 

Aoeodemia  dat  Liiv^iy  RedU^  Eoma — Atti.  SerLe  Term :  YoL  TL  Foac.  G.   4 to, 
1SS2. 

Atlfomomieal  Sttetdu.  J^oi/oJ— Monthly  Notioee,  Vol.  XLIL  No.  a.    Svo.  1862. 

Ifcmimi.  Tot  XLVI.  1880-1.   4to,  188L 
Ba»M  JiM<^lii«»— Journal,  Vol.  IIL  Port  2.   Bvq.  1882. 
MmwmHa^  Amdemff  of  S^enc^t,  Itoijal—Bii^nngnh^Tichie ;  18S2,  Befi  I.  8vo. 
BiiUA  ArdUttetg^  Eotfal  Inttiiui^  a/— Frcxjeediiiga,  1881-2,  Nub.  D,  10,  4td. 
1S81-2. 

Br&iA  JfuMiem  7Vu«f£ei— Oatalogud  of  Spanish  MSB.    B;  P.  do  Gazangfia 

VoK  III.   8?o.  1881. 
ChrmM  Saneltf—Jmrnal  for  Feb.  1882.    8 to. 
I     Ck^  Fnj^/n«er9* /mrKjHfii:rn~ Proceedings,  1881-2.    8m    Nob.  7-9. 
!     CHmv,  Franlr,  jBTm.  LL.B.  F.L.8,  Sc.  M MJ.  {the  JB(i/((>r)— Journal  of  the  Royal 
ifficnwrtpical  Sodety,  Ser^fis  a.  VoL  XL  Part  L   8fo.  1882. 
Crmikef,  W,  Odliwf^  W,  and  C.  Mejjmott  Ttdu  (ffts  Auihor»)-~RemrU  oq  London 

Water  Supply,  No.  13.   4  to.  1882. 
MiUBm~^Amenmu  Joanm!  of  Science  for  Feb.  1S82.    8 to* 
Aaalyit  for  F*5b.  1882.  Svo, 
AUHmmmi  for  Fth,  1882.   4 to. 
Cfantiirnl  Kf^wi  for  Feb.  im2,  4to. 
Kigbeer  for  Feb.  ia82.   fi  l 
Hmiogieal  Journal  for  F<»b.  18S2.  8vo. 
Inn  for  Fob.  im  4to. 
!f»ttircj  for  Fob.  im  4to. 

Revuo  Sdcntiflqae  nnd  BeTuc  PolUiqiic  et  Litterairc  for  Feb.  1882,  4to. 
Tulegiapbio  Journiil  for  Feb.  1882.  foL 
frmmklin  Jft*t*tut«~Joumfi\,  So.  mi,   Bvq.  1882. 

Qmaphimi  Sociti^,  /lojraf—Proooediiiff*,  New  Series,  Vol,  TV,  No,  X  8vo.  1882, 
QmU^cal  Imtitutf,  hmpeHah  K/eima— Vef ban  dhmgen,  1831,  N«6,  1-18.  8vo. 

Jalirbiicli :  Itend  XXX  L  No.  4.   8vo.  188L 
O^QfotfM&ci«ltf«-<iuarteriy  Journnl,  No.  149.    Bm  1882, 

Abtlfi«tl  <rf  PiwidiDga,  1881-2,  Noa,  4H-4IG.  8^0. 
^Tny*  Hmf%  Bn.  (th6  Author)— Tbo  ClnBaica  for  Iho  Million:  an  Epitome,  iu 

EiijfHiili,  of  (1x0  Wotkfi  of  (iK'tk  and  Latin  AntborB.    I2mo.  1881, 
Li^,  Socitdade  de  GeoffrapJim^BQlaim,  2»  Serie,  Noa.  7  aad  8.   Sto.  1S8L 
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Manehettsr  Geologieal  /Soeie^Transaotions,  Vol.  XYI.  Parts  11, 12.  8vo.  1881. 
Meteorological  Oj^— CommnnicationB  from  the  International  Polur  CommiasioD. 

Parti.   4to.    St  Petersburg,  1882. 
MHUsr,  W.  J.  0.  Esq.  B.A.  (the  Begistrar)—The  Medical  Begister.   8to.  1882. 

The  Dentist's  Register.   8to.  1882. 
Pharmcuieutieal  Society  of  Great  ^ritom— Journal,  Feb.  1882.  8vo. 

Calendar,  1882.   8to.  1882. 
Photographic  Socte^y^oumal,  New  Series,  Vol.  VI.  No.  5.   8vo.  1882. 
Pole,  WiUiamj  Esq,  F.R£.  M.Inst.C.E.  (the  Author)— A  Study  of  the  Problem  of 

Aerial  Navigation.  (Min.  of  Proc.  of  Inst,  of  Civil  Eng.  vol.  67.)  8vo.  1882. 
Preussische  Akademie  der  Wisseascha/ten — Monatsberichte :  Dec  1881.  8vo. 
Eoyal  Dublin  Society— ScienUAo  Transactions,  Vol.  I.  (Series  II.)  Parts  13,  14. 

4to.  1880-1. 

Scicntiflo  Proceedings,  Vol.  II.  (New  Series)  Part  7.  Vol.  HI.  Parts  1-4.  8vo. 
1880-1. 

Royal  Society  of  London — Proceedings,  No.  217.   8vo.  1882. 
Society  of  ilr/«— Journal,  Feb.  1882.  8vo. 

Staiham,  H.  H.  Esq.  (the  Author) — Notes  on  Ornament.   (Lectures  delivered  at 

the  Royal  Institution.)   (Portfolio,  Feb.  1882.) 
St.  Bartholomew's  Hospital— Reporia,  Vol.  XVII.    8vo.  1881. 
St.  Petersbourg^  Akadimie  des  Sczenoes— Memoires,  7«  Sdrie,  Tome  XXIX.  No.  2. 

4to.  1881. 

Bulletins,  Tome  XXVII.  No.  4.   4to.  1881. 
Symons,  O.  J. — Monthly  Meteorological  Magazine,  Feb.  1882.  8vo. 
Telegraph  Engineers,  Society  o/— Vol.  X.  No.  39.   8vo.  1882. 
Teyler  Jfiwewi?*— Archives :  Serie  II.  2r  Partie.   4to.  1881. 

Origino  et  but  de  la  Fondation  Teyler.  Par  E.  van  der  Ven.   4to.  1881. 
Tokio  University — Memoirs,  Nos.  4,  5.   4to.  1881. 

Verein  zur  Befdrderung  des  Oewerbfleisses  in  PreuMen— Verhandlungen,  1882: 
No.  1.  4to. 
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WEEKLY  EVENING  MEETING, 
PriJfty,  March  10,  1882. 
Sir  Fredbrick  BaAstWELL,  F.R.S,  Vice-PreBidoatj  in  the  Chair. 

Electric  LigJding  by  Incandescence, 

SfKA^Ei^a  in  thia  place  on  electric  light,  I  cao  neither  forget,  nor  for- 
bear t*>  mentioiit  afi  inaeparably  associated  witli  the  subject  and  with 
the  Boyal  Institutioti,  the  familiar,  illtistriuue,  nam^  of  Dary  and 
FaTtuiAy.  It  waa  in  connection  with  this  Institution  that,  eighty  years 
ago,  iLti  first  electric  light  oxpcriments  were  mado  by  Davy,  and  it 
Wfcs  also  in  connection  with  this  Institution  that,  forty  years  later,  the 
fonndationa  of  the  methods,  by  means  of  which  electric  lighting  has 
been  made  n^efnlf  were  strongly  laid  by  Faraday. 

I  do  not  propose  to  describe  at  any  length  the  method  of  Davy.  I 
iBust^  however,  describe  it  slight ly,  if  only  to  make  clear  tho  differ- 
ence between  it  and  the  newer  metliod  which  I  wieh  more  particularly 
to  bring  under  yonr  notice. 

The  method  of  Davy  consists,  as  almost  all  of  you  know,  in  pro- 
docing  electrically  a  stream  of  whiter-hot  gas  betwoea  two  pieces  of 
ou-bon^ 

When  electric  light  is  produced  in  this  manner,  the  conditionB, 
which  snrronud  the  process  are  such  as  render  it  impossible  to  obtaia 
a  small  light  with  proportionally  small  expenditure  of  power.  In 
onler  to  atutain  the  arc  in  a  state  approaching  stability,  a  high 
elactro-motiTe  force  and  a  strong  current  aro  necessary ;  in  fact,  such 
electro- motive  force  and  such  current  as  correspond  to  the  production 
of  a  luminouB  centre  of  at  least  several  hundred  candle-power.  When 
an  attempt  is  made  to  prodneo  a  snuiller  centre  of  light  by  the  em- 
ployment  of  a  proportionally  small  amount  of  electrical  energy,  tho 
mcsclianical  diffictiltles  of  maintaining  a  Eatable  arc,  and  the  diminution 
in  the  amoout  of  light  (far  beyond  the  diminished  power  employedj, 
put  a  stop  to  rofluction  at  a  point  at  which  much  too  largo  a  light  is 
produced  for  oommon  purposeg. 

The  often-repeated  question,  "  Will  electricity  supersede  gas?" 
•oold  be  promptly  answered  if  we  were  oonEnod  to  this  method  of 
ptodncing  electric  light;  and  for  the  simple  reason  that  it  is  im- 
ponible,  by  this  method,  to  produce  individual  lights  of  moderate 
power. 

The  electric  arc  does  very  well  for  street  lighting,  as  you  all 
know  from  what  is  to  be  seen  in  the  City.    It  also  doea  very  well  for 
Toi*.  X,    (No,  75.)  o 
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ihe  illomination  of  such  large  enclosed  spaces  as  railway  stations; 
bnt  it  is  totally  imsnited  for  domestic  lighting,  and  for  nine-tenths  of 
the  other  purposes  for  which  artificial  light  is  required.  If  electricity 
is  to  compete  successfully  with  gas  in  the  general  field  of  artificial 
lighting,  it  is  necessary  to  find  some  other  means  of  obtaining  light 
through  its  agency  than  that  with  which  we  have  Mtherto  been 
familiar.  Our  hope  centres  in  the  method — will  not  say,  the  new 
method — but  the  method  which  until  within  the  last  few  years  has 
not  been  applied  with  entire  success,  but  which,  within  a  recent 
period,  has  been  rendered  perfectly  practicable — I  mean  the  method 
of  producing  light  hy  electrical  incandescence. 

The  fate  of  electricity  as  an  agent  for  the  production  of  artificial 
light  in  substitution  for  gas,  depends  greatly  on  the  success  or  non- 
success  of  this  method  ;  for  it  is  the  only  one  yet  discovered  whioh 
adapts  itself  with  anything  like  completeness  to  all  the  purposes  for 
which  artificial  lighting  is  required. 

If  we  are  able  to  produce  light  economically  through  the  medium 
of  electrical  incandescence,  in  small  quantities,  or  in  large  quantities^ 
as  it  may  be  required,  and  at  a  cost  not  exceeding  the  cost  of  the  same 
amount  of  gas  light,  then  there  can  be  little  doubt — ^there  can,  I  think, 
be  no  doubt — that  in  such  a  form,  electric  light  has  a  great  futore 
before  it.  I  propose,  therefore,  to  explain  the  principle  of  this 
method  of  lighting  by  incandescence^  to  show  how  U  can  he  appUed,  and 
to  discuss  the  question  of  its  cost. 

When  an  electrical  current  traverses  a  conducting  wire,  a  certain 
amount  of  resistance  is  opposed  to  the  passage  of  the  current.  One 
of  the  effects  of  this  conflict  of  forces  is  the  development  of  heat.  The 
amount  of  heat  so  developed  depends  on  the  nature  of  the  wire— on 
its  length  and  thickness,  and  on  the  strength  of  the  current  which 
it  carries.  If  the  wire  be  thin  and  the  current  strong,  the  heat 
developed  in  it  may  be  so  great  as  to  raise  it  to  a  white  heat. 

The  experiment  I  have  just  shown,  illustrates  the  principle  of 
Electric  Lighting  by  Incandescence,  which  is  briefiy  this — ^that  a  state 
of  white  heat  may  he  produced  in  a  continuous  solid  conductor  by  passing 
a  sufficiently  strong  electriccd  current  through  it, 

A  principle,  the  importance  of  which  cannot  well  be  overestimated, 
underlies  this  method  of  producing  light  electrically— -namely,  the 
principle  of  dimsibility.  By  means  of  electric  incandescence  it  is 
possible  to  produce  exceedingly  small  centres  of  light,  even  so  small 
as  the  light  of  a  single  candle ;  and  with  no  greater  expenditure  of 
power,  in  proportion  to  the  light  produced,  than  is  involved  in  the 
maintenance  of  light-centres  10  or  100  times  greater.  Given  a  cer- 
tain kind  of  wire,  for  example  a  platinum  wire,  the  100th  of  an  inch 
in  diameter,  a  certain  quantity  of  current  would  make  this  wire  white- 
hot  whatever  its  length.    If  in  one  case  the  wire  were  one  inch  long 


these  two  pieces  of  similar  wire,  would  heat  both  to  precisely  ue 
same  temperature.   But  in  order  to  force  the  same  current  through 
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the  ten  tiines  longer  piece,  ten  timofl  the  elcctro-mofcive  force  or,  if  I 
maj  be  aUowed  ike  expregaion,  electrical  pressure^  is  requir<^d,  and 
«^ctly  ten  times  the  amount  of  energy  would  be  expended  in  pro- 
dueing  this  increased  eloctro-motiv©  force. 

Considering,  therefoTo,  the  proportion  between  power  applied  md 
ligbt  produced,  there  is  neither  gain  nor  logs  in  heating  thcBo  different 
lengths  of  wire.  In  the  ease  of  the  longer  wire,  aa  it  had  ten  times 
the  extent  of  surface,  ten  times  more  light  was  radiated  from  it  than 
from  tha  ehorter  wire,  and  tliat  ia  exactly  oquiTalont  to  the  propor* 
tional  amount  of  power  absorbed.  It  is  therefore  evident  that  ieltether 
a  ihori  piece  of  mre  or  a  lomg  piece  U  declricaU^  heated^  the  amount 

light  proditced  ia  exactlif  proporiiaml  to  the  p&w^  expended  in 
producing  it* 

This  is  extremely  important ;  for  not  only  does  it  make  it  possible 
to  produce  a  small  light  where  a  email  light  is  req^mred,  without 
hamng  to  pay  for  it  at  a  higher  rate  than  for  a  larger  light,  but  it 
oivea  also  the  groat  advantage  of  obtaining  equal  distribution  of 
Bght*  As  the  illuminating  effeet  of  light  is  inversely  as  the  square 
of  the  distance  of  its  source,  it  follows  that  where  a  large  space  is  to 
be  lighted,  if  the  lighting  is  aeeomplished  by  means  of  centres  of 
l^^t  of  great  power,  a  much  larger  total  quantity  of  light  has  to  be 
employed,  in  order  to  make  the  spaces  rcraotcBt  from  these  centres 
sufficiently  lights  than  would  be  required  if  the  illumination  of  the 
space  were  obtained  by  numerous  smaller  lights  equally  distributed. 

In  order  to  practically  apply  the  princijilo  of  producing  light  by 
the  ineandesoenee  of  an  electrically  heated  continuous  solid  conductor, 
it  is  necessary  to  select  for  the  light-giving  body  a  material  which 
offers  a  considerable  resiatance  to  the  passage  of  the  electric  current, 
and  which  is  also  capable  of  bearing  an  exceedingly  high  temperature 
withont  undergoing  fueion  or  other  change. 

As  an  illustration  of  the  difference  that  exists  among  different 
inb^tances  in  respect  of  rmistance  to  the  flow  of  an  electric  current, 
and  oonaeqnent  tendoDcy  to  become  heated  in  the  act  of  electrical 
transmission,  here  is  a  wire  formed  in  alternate  sections  of  platinum 
*Qd  silver;  the  wire  is  perfectly  uniform  in  diameter,  and  when  I 
pus  an  electric  current  through  it,  although  the  current  is  uniform  in 
6TG17  part,  yet,  aa  you  see,  the  wire  is  not  uniformly  hot,  hut  whito- 
hot  only  in  parts.  The  white-hot  sections  are  platinum,  the  dark 
BoctionB  are  silver.  Platinum  offers  a  higher  degroo  of  rcfiistance  to 
the  posBage  of  the  electric  current  than  silver,  and  in  consequence  of 
titk,  more  beat  is  developcil  ia  the  platinum  than  in  tho  silver  sections. 
The  high  electrical  reaistance  of  platinum,  and  its  high  tncltmg- 
fiolnt,  mark  it  out  as  one  of  the  most  likely  of  the  metals  to  be  useful 
in  the  construction  of  incandescent  lamps.  When  platinum  is  mixed 
irith  10  or  20  per  cent,  of  iridium,  an  alloy  is  furmod,  which  has  a 
iDQcb  higher  melting^pomt  than  platinum  ;  and  many  attenipts  have 
been  made  to  employ  this  alloy  in  electric  lamps.  Bat  these  attempts 
hmn  nok  been  saoo^sfuli  chiefly  boeause  high  as  is  the  melting-point 
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of  iridio-platiaiiin,  it  is  not  liigh  enough  to  allow  of  its  being  heated 
to  dogroe  tbtit  wuiild  yield  a  sufficieutly  hirge  return  in  light  for 
en<jrgy  eipetidtd.  Befor«  an  ©couomicol  tcnii>oratnre  is  reached, 
iridio- platinum  wiro  slowly  voktiliBea  tind  breaks.  This  ib  a  fatal 
funlt,  because  in  oblainiufj  light  by  incandescence  there  h  the  greatest 
iffiatjinahle  adcantaffff  in  being  able  to  heat  the  ineaitdeenng  hodtf  to  an 
emtremelp  high  temperature*    I  wiU  illustrate  this  by  ©jperiment. 

Here  ie  a  glass  hulb  coutainitig  a  filament  of  carbon.  When  I 
p«ed  through  the  filament  one  unit  of  current,  light  equal  to  two 
ccmdlt-g  is  produced.  If  now  I  increase  the  current  by  one  hal/f 
making  it  one  umt  and  a  half,  the  light  is  increased  to  thiriif  candles, 
OF  thereabout,  bo  that  for  this  one  half  increase  of  current  (which 
involves  nearly  a  doubling  of  the  energy  expended),  fifteen  timei  tmre 
Uffht  is  produced. 

It  will  readily  be  understood  from  what  I  have  shown  thai  it  ib 
essential  to  economy  tbat  the  incandescing  material  should  be  able  to 
bear  an  enormous  temperature  without  fusion.  We  know  of  no  metal 
that  fulfils  this  roquircnieDt ;  but  there  is  a  non-metallic  substance 
which  does  bo  in  an  eminent  degree,  and  which  also  poesessefi 
another  necessary  quality,  that  of  loto  ccmduciiviitf*  TLo  substance  is 
carbon.  In  attempting  to  utilise  carbon  for  the  purpose  in  question, 
there  are  eeYoral  sorions  practical  diflScultiee  to  be  overcome*  There 
is,  in  the  first  place,  the  mechanical  difficulty  arjsing  from  its  intraet- 
ability.  Carbon,  as  we  commonly  know  it^  is  a  brittle  and  uoo-elaBtio 
substance,  poBsessing  neither  ductility  nor  plasticity  to  favour  its 
being  shaped  suitably  for  us©  in  an  electric  lamp.  Yet,  in  order  to 
render  it  serviceable  for  this  purpose,  it  is  necessary  to  form  it  into  a 
slender  ^lament,  which  must  possess  Bufficitint  etreugth  and  elasticity 
to  allow  of  its  being  firmly  attached  to  conducting  wires,  and  to 
prevent  its  breaking.  If  heated  white  hot  in  the  air,  carbon  bums 
away ;  and  therefore  means  must  be  found  for  preventing  ita  com- 
bustion. It  must  either  be  placed  in  an  atmosphere  of  some  inert  gas 
or  in  a  vacuum. 

During  the  last  forty  years,  spasmodic  efforts  Lave  from  time  to 
time  been  made  to  grapple  with  the  many  difficulties  which  Burround 
the  use  of  oarbon  as  the  wick  of  an  electric  lamp.  It  is  only  within 
the  last  three  or  four  years  that  these  difficulties  can  be  said  to  have 
been  Burmounted.  It  is  now  found  tbat  carbon  can  be  produced  in 
the  form  of  straight  or  bent  filaments  of  extreme  thinness,  and 
po€iieBsing  a  great  degree  of  elasticity  and  strength.  Such  filaments 
can  be  produced  in  various  ways^ — by  the  carbonisation  of  paper, 
thread,  and  fibrous  wood^  and  grasees.  Excellent  carbon  filaments 
can  be  produced  from  the  bamboo,  and  also  from  cotttai  thread  treated 
with  sulphuric  acid.  The  fiulphuric  acid  treatment  effects  a  change  in 
the  cotton  thread  similar  to  that  which  is  effected  in  paper  in  the 
process  of  making  parchment  paper.  In  carbonising  these  materials, 
it  is  of  course  necessary  to  preserve  them  from  contact  with  the  air. 
This  ia  done  by  surrounding  them  with  charcoal* 
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Here  ie  an  eiamplo  of  a  carbon  filament  produced  from  parch- 
mentised  cotton  tbr&ad.  Tfao  filament  is  not  more  tbau  the  *  01  of  an 
inch  ill  diameter,  and  jet  a  length  of  three  inclies,  having  therefore  a 
enrfoce  of  nearly  the  one-teoth  of  an  inch,  gi^es  a  light  of  twenty 
candles  when  made  incandescent  to  a  moderate  degree. 

I  have  eaid^  that,  in  order  to  preserve  these  Blender  carbon  filaments 
from  coin  bastion,  they  mnat  be  placed  in  a  vacuxmi ;  and  experience 
hiLB  shown  that  if  the  filaments  are  to  be  durable,  the  vacuum  must  bo 
exceptionally  good.  One  of  the  chief  causes  of  failure  of  the  earlier 
tkttempta  to  utilise  the  incandescence  of  carboo,  (vas  the  imperfection 
of  the  vacna  in  which  the  white-hot  filaments  were  placed  ;  and  the 
encoefla  which  has  recently  been  obtained  is  in  great  measure  due  to 
the  production  of  a  bettor  vacuum  in  the  lamps. 

In  the  primitive  lampsj  tho  glass  shad©  or  globe  which  enoloee^ 
the  carbon  filament  was  large,  and  nanally  had  screw  jaintSj  with 
leather  or  indiarubber  washers.  The  vacuum  was  made  either  by 
filling  the  lamp  with  mercury,  and  then  running  tho  mercury  out  so 
as  to  leave  a  vacnnm  like  that  at  the  upper  end  of  a  barometer,  or  the 
air  W9M  exhausted  by  a  common  air  pump.  The  invention  of  the 
mercury  pump  by  Dr.  Sprengel,  and  the  publication  of  the  delicate 
and  beautiful  eiperiments  of  Sir.  Crookes  in  connection  with  the  radiO' 
meter,  revealed  tho  conditions  under  which  a  roally  high  vacuum  could 
be  produced^  and  in  fact  gave  quite  a  newnieaniug  to  the  word  vacuum. 
It  WBM  evident  that  the  old  incandescent  lamp  exportmeuts  had  not 
been  made  under  suitable  conditions  Hs  to  vacmim ;  and  that  before 
cxindemning  the  use  of  carbon,  its  durability  in  a  really  high  vacuum 
required  still  to  bo  tested.  This  idea  having  occurred  to  me,  I  com- 
municated it  to  Mr,  Stearn,  who  was  working  on  the  subject  of  high 
vacua,  and  asked  his  coK>peration  in  a  cours^e  of  eiperinientH  having 
for  tbeir  object  to  ascertain  whether  a  carbon  filament  produced  by 
the  carbonisation  of  paper,  and  made  incandescent  in  a  high  vacuum 
was  durable^  After  much  oxporimenting  we  arrived  at  the  conclusion 
tbfti  when  a  welUfonaed  carbon  jUameni  h  Jirmltf  connected  mth  cow- 
Aifh'iTj  wires,  and  placed  in  a  hermetically  sealed  gluts  hall,  perfectly 
mekmuitedt  the  fihiment  mffcrs  no  apparent  change  evert  tch^n  heated  to 
tm  mirmne  degree  of  whitent'se.  This  result  was  n^acLed  in  1878.  It 
hfti  since  then  become  clearly  evident  that  Mr.  Edisnn  had  the  same 
idea  mnd  reaohed  the  same  conclusion  as  Mr,  Stoarn  anil  myself. 

A  neceasary  condition  of  the  higher  vacuum  was  tho  simplification 
of  the  lamp.  In  its  construction  there  must  be  as  little  as  possible  of 
any  material,  and  there  langt  bo  none  of  such  material  as  could  occlude 
gafl,  which  being  eventually  given  out  would  spoil  tho  vacuum.  There 
mmt  beaidee  be  no  joints  except  those  made  by  the  glass-blower* 

Therefore,  naturally  and  per  force  of  cirottmBtauccs,  tho  incan- 
i/mmot  carbon  lamp  ti>ok  the  most  elementary  fonn»  reeolving  itself 
into  m  iimple  hulb,  pierced  by  ttoo  jdatinwn  irircs  mpporting  a  JilaTnent 
^earbon.  Probably  the  first  lamp,  having  this  elementary  character, 
publicly  exhibited,  was  shown  in  o|)cration  at  a  meeting  of  the 
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Literary  and  Philosophical  Society  of  Newcastle  in  February,  1879. 
The  vacnum  had  been  produced  by  Mr.  Steam  by  means  of  an  im- 
proved Sprengel  pump  of  his  invention. 

Blackening  of  the  lamp  glass,  and  speedy  breaking  of  the  carbons, 
had  been  such  invariable  accompaniments  of  the  old  conditions  of 
imperfect  vacua,  and  of  imperfect  contact  between  carbon  and  con- 
ducting wires,  as  to  have  led  to  the  conclusion  that  the  carbon  was 
volatilised.  Bat  under  the  new  conditions  these  faults  entirely  dis- 
appeared ;  and  carefully  conducted  experiments  have  shown  that  well- 
made  lamps  are  quite  serviceable  after  more  than  a  thousand  hours' 
continual  use. 

Here  are  some  specimens  of  the  latest  and  most  perfected  forms  of 
lamp.  The  mode  of  attaching  the  filament  to  the  conducting  wires  by 
means  of  a  tiny  tube  of  platinum,  and  also  the  improved  form  of  the 
lamp,  are  due  to  the  skill  of  Mr.  Gimmingham. 

The  lamp  is  easily  attached  and  detached  from  the  socket  which 
connects  it  with  the  conducting  wires ;  and  can  be  adapted  to  a  great 
variety  of  fittings,  and  these  may  be  provided  with  switches  or  taps 
for  lighting  or  extinguishing  the  lamps.  I  have  here  a  lamp  fitted 
especially  for  use  in  mines.  The  current  may  be  supplied  either 
through  main  wires  from  a  dynamo-electrical  machine,  with  flexible 
branch  wires  to  the  lamp,  or  it  may  be  fed  by  a  set  of  portable  store 
cells  closely  connected  with  it.  I  will  give  you  an  illustration 
of  the  quality  of  the  light  these  incandescent  lamps  arej  capable  of 
producing  by  turning  the  current  from  a  Siemens'  dynamo-eleotrio 
machine  (which  is  working  by  means  of  a  gas  engine  in  the 
basement  of  the  building)  through  sixty  lamps  ranged  round  the 
front  of  the  gallery  and  through  six  on  the  table.  (The  theatre  was 
now  completely  illuminated  by  means  of  the  lamps,  the  gas  being 
turned  off  during  the  rest  of  the  lecture.) 

It  is  evident  by  the  appearance  of  the  flowers  on  the  table  that 
colours  are  seen  very  truly  by  this  light,  and  this  is  suggestive  of  its 
suitability  for  the  lighting  of  pictures. 

The  heat  produced  is  comparatively  very  small ;  and  of  course 
there  are  no  noxious  vapours. 

And  now  I  may,  I  think,  fairly  say  that  the  difficulties  enoountered 
in  the  construction  of  incandescent  electric  lamps  have  been  com- 
pletely conquered,  and  that  their  use  is  economtcaUy  pradieable.  In 
making  this  statement  I  mean,  that,  both  as  regards  the  cott  of  the 
lamp  itself  and  the  cost  of  supplying  electricity  to  iUumincUe  it,  light 
can  be  produced  at  a  cost  which  will  compare  not  unfavourably  with 
the  cost  of  gas  light.  It  is  evident  that  if  this  opinion  can  be  sus- 
tained, lighting  by  electricity  at  once  assumes  a  position  of  the  widest 
public  interest,  and  of  the  greatest  economic  importance ;  and  in  view 
of  this,  I  may  be  permitted  to  enter  with  some  detail  into  a  considera- 
tion of  the  facts  which  support  it. 

There  has  now  been  sufficient  experience  in  the  manu&ctore  of 
lamps  to  leave  no  doubt  that  they  can  be  cheaply  constructed,  and  we 


know  hj  aeloal  experunent  that  contmuous  heating  to  a  fairly  high 
degree  of  inoMicleBoence  during  1200  houfB  docs  not  de^roj  a  well- 
BiAile  lamp,  WTmt  the  ntmoat  Hmit  of  a  lamp's  life  may  bo,  wo 
really  do  not  know.  Probably  it  will  h&  an  e^^sr-inc reusing  span  ;  as, 
with  increaEing  experience,  processes  of  manufftcttiro  aro  sure  to 
become  more  and  more  perfect.  TAldng  it,  there  fore,  fully  esta- 
blish that  a  cheap  and  durable  iMuip  can  uonj  he  uuide,  the  further 
qnestion  is  as  to  the  cmt  of  the  mmm  0/  iis  iUtminalion* 

This  qncfition  in  its  aimploBt  form  is  ilmt  of  the  more  or  less 
Mmonucal  use  of  coal  ^  for  oo^l  i&  tho  principal  raw  material  alike  in 
ib#  pn>d action  of  gae  and  of  electric  light.  In  the  ono  case,  the  coal 
is  conEumcd  in  producing  goa  which  is  burnt ;  in  the  other  in  pro^ 
dticing  motive  power,  and,  by  its  moons,  electricity. 

The  cost  of  producing  light  by  mcona  of  eleotrio  incandeaceneo 
may  be  compared  with  the  cost  of  producing  gas  light  in  this  way» — 
2  cwt.  of  coal  proiluccs  1000  cubic  feet  of  gas,  and  this  quantity  of 

SI,  of  the  quality  called  fifteen-candle  gas,  wHl  produce  3000  caudlo- 
ht  for  one  hour.  But  l^csidcs  the  product  of  goa,  the  coal  yields 
eeiteiti  bye  proflucts  of  almoet  equal  value.  I  will,  therefore,  t^ke  it 
tiut  we  ha  TO,  in  cfifoct,  1000  feet  of  gas  from  ono  cwt.  of  cool  instead 
of  from  two,  as  ia  actually  tho  case. 

And  now,  as  regards  the  production  of  electricity.  One  cwt.  of 
ooftl — that  13  tho  same  measure  m  point  0/  mlue  as  gives  1000  feet  of 
will  give  50  horse-powor  for  one  hour.  Bepcated  and  reliable 
iNEpeHnie&to  ahow  that  wo  can  obtain  through  tho  medium  of  incan- 
dneent  lamps  at  least  200  candle-light  por  horso-power  per  hour. 
But  as  there  is  waste  in  the  conversion  of  motive  power  into  electri'- 
city,  and  also  in  tho  conducting  wires,  let  os  make  a  liberal  deduction 
of  25  per  cent,,  and  take  only  150  candle-light  as  the  nett  available 
product  of  1  horse-power;  then  for  50  horse-power  (the  product 
of  1  ewt  of  ooal),  we  have  7500  candle-light,  as  against  a 000  candle- 
light from  an  €qtttt}aknt  value  of  gas.  That  is  to  say,  two  and  a  holf 
timee  more  light. 

There  stiU  remains  an  allowance  to  be  mode  to  cover  the  cost  of 
the  renewal  of  lamps.  There  is  a  parallel  expense  in  connection 
with  gas  lighting  in  the  cost  of  tho  renewal  of  gas-hnmere,  gas 
^lobea^  pi  chimnies^  &c.  I  cannot  my  that  I  think  those  charges 
Itfiinfft  gM  lightiug  wjU  etjual  the  curres[K>ndiug  charges  against 
«M«lr!c  lighting,  unless  we  import  into  the  account— as  I  think  it 
righi  to  do— the  consideration  that,  without  a  good  deal  of  expense 
bo  ineaned  in  tho  renewal  of  humors,  and  unless  minute  attention 
be  given,  far  beyond  what  is  actually  given,  to  all  the  conditions 
tind«;r  which  the  gas  is  burned,  nothing  like  the  full  light  product 
which  1  have  allowed  to  be  obtainable  from  the  burning  of  1000  cuhio 
ibert  of  gas^  will  be  obtained,  and,  as  a  mattor  of  fact,  is  not  commonly 
obtftiiMid,  especially  in  doruestic  lighting.  Taking  this  into  account, 
Md  Mindfiriiig  what  would  have  to  be  done  to  obtain  tho  fuU  yield 
of  U^t  from  gas  and  that  if  it  bo  not  done,  then  the  estiiuato  I  havQ 
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made  is  too  favonrable,  I  think  bnt  little,  if  any,  greater  allowance 
need  be  made  for  the  charge  in  connection  with  the  renewal  of 
lamps  in  electric  lighting  than  ought  to  be  made  for  the  corresponding 
charges  for  the  renewal  of  gas-burners,  globes,  chimneys,  &o.  Bat  it 
will  be  seen  that  even  if  the  cost  for  renewal  of  lamps  should  prove 
to  be  considerably  greater  than  the  corresponding  expense  in  the  case 
of  gas,  there  is  a  wide  margin  to  meet  them  before  we  have  reached 
the  lixnit  of  the  cost  of  gas  lighting. 

I  think  too  it  must  be  fairly  i&en  into  account  and  placed  to  the 
credit  of  electric  lighting,  that  by  this  mode  of  lighting  there  is 
entire  avoidance  of  the  damage  to  furnishings  and  decorations  of 
houses,  to  books,  pictures,  and  to  goods  in  shops,  which  is  caused 
through  lighting  by  gas,  and  which  entails  a  large  expenditure  for 
repair,  and  a  largo  amount  of  loss  which  is  irreparabla 

I  have  based  these  computations  of  cost  of  electric  light  on  the 
supposition  that  the  light  product  of  1  horse-power  is  150  candleeu 
But  if  durability  of  the  lamps  had  not  to  be  considered,  and  it  were 
an  abstract  question  how  much  light  can  be  obtained  through  the 
medium  of  an  incandescent  filament  of  carbon,  then  one  might,  with- 
out deviating  from  ascertained  fact,  have  spoken  of  a  very  much  larger 
amount  of  light  as  ohtaiuable  by  this  expenditure  of  motive  power. 
I  might  have  assumed  double  or  even  more  than  donble  the  light  for 
this  expenditure.  Certainly  double  and  treble  the  result  I  have 
supposed  can  actually  be  obtained.  The  figures  I  have  taken  are 
thoso  which  consist  with  long  life  to  the  lamps.  If  we  take  more 
light  fov  a  given  expenditure  of  power,  we  shsdl  have  to  renew  the 
lamps  oftener,  and  so  what  we  gain  in  one  way  we  lose  in  another. 
But  it  is  extremely  probable  that  a  higher  degree  of  incandesoenoe 
than  that  on  which  I  have  based  my  cdculations  of  cost,  may  prove 
to  be  compatible  with  durability  of  the  lamps.  In  that  case,  the 
economy  of  electric  lighting  will  bo  greater  than  I  have  stated. 

In  comparing  the  cost  of  producing  light  by  gas  and  by  electricity, 
I  have  only  dealt  with  the  radical  item  of  coal  in  both  cases.  Gas 
lighting  is  entirely  dependent  upon  coal — electric  lighting  is  not, 
but  in  all  probability  coal  will  be  the  chief  sonrce  of  energy  in  the 
case  of  electric  lighting  also.  When,  however,  water  power  is  avail- 
able, electric  lighting  is  in  a  position  of  still  greater  advantage,  and, 
in  point  of  cost,  altogether  beyond  comparison  with  other  means  of 
producing  light. 

To  complete  the  comparison  between  the  cost  of  electric  light  and 
gas  light,  we  must  consider  not  only  the  amount  of  coal  required  to 
yield  a  certain  product  of  light  in  the  one  case  and  in  the  other,  bat 
also  the  cost  of  converting  the  coal  into  electric  current  and  into  gas ; 
that  is  to  say,  the  oost  of  manufaotube  of  electricity  and  the  oost 
OF  MANUFAOTUBE  of  gas.  I  cannot  speak  with  the  same  exactness  of 
detail  on  this  point,  as  I  did  on  the  comparative  oost  of  the  raw 
material.  But  if  you  consider  the  nature  of  the  process  of  gas  manu- 
facture, and  that  it  is  a  process,  in  so  far  as  the  lifting  of  coal  by 
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mmniiAl  labour  is  conoemed,  not  very  anlike  tho  stokiag  of  a  Htenm 
boiler,  anti  if  electricity  is  genemted  by  moans  of  Bteam,  then  tlis 
maiitml  labour  chiefly  involved  in  both  piooesses  ia  not  unlike.  It 
evident  that  in  gaa  manufacture  it  woukl  be  uecesaaiy  ki  shovel  into 
the  fnmaceB  ana  retorts  five  or  six  times  as  much  coal  to  yield  the 
e«une  light  prodnet  aa  would  be  obtaiuablo  thnmgh  the  eteam  engine 
mid  incandescent  lamps.    Ent  here  again  it  ig  necessary  to  allow  for 
the  vttlno  of  the  labour  in  connection  with  the  prcMlucta  other  than 
.     gMi»uid  heuoe  it  is  right  to  cut  down  the  difiercuce  I  have  mention r.'d 
I    In  lull — Le.  debit  gas  with  only  half  the  cost  of  manufacture,  in  the 
L    nma  way  as  in  our  calculation  we  have  charged  gas  with  unly  one- 
L    haM  the  coal  actually  need.    But  when  that  is  done,  there  is  still  a 
■i^flbreuoe  of  probably  three  to  one  in  respect  of  labour  in  favour  of 
P^Gieebic  lighting. 

I  hiive  made  thcso  large  allowances  of  material  and  labour  in 
favour  of  the  cost  of  gas,  but  it  is  well  known  that  the  bye  products 
are  but  rarely  of  the  vulue  I  have  assumed,  I  desirCj  however,  to 
allow  all  that  can  be  elaiuied  for  gaB. 

With  regani  to  the  cost  of  plant,  I  think  there  will  be  a  more 
«T«ni  balanDe  in  the  two  cases .  In  a  gasworks  you  have  retorts  and 
itttfimm,  purifying  chambers  and  gasometers,  engines,  U^tlers,  and 
ftppUanoes  for  distributing  the  gas  and  regulating  its  pressure.  Plant 
for  generating  electricity  on  a  largo  scale  would  consist  principally 
of  boilers,  steam  engines,  dynamo-eloctiic  maohlnea,  and  battaries  for 
etorage* 

No  such  electrical  station,  on  the  scale  and  in  the  complete  form 
1  am  a«p[>oaing,  has  yet  been  put  into  actual  operation ;  but  several 
atn&ll  stations  for  the  niannfacture  of  dectricity  already  exist  in 
England,  and  a  large  i^tatiun  designed  by  Ifr.  Edison  is,  if  I  am 
tightly  informed,  almost  completed  in  America.  W©  are  therefor© 
on  thu  pt»iut  of  ssoertaining  by  actual  experience,  what  the  cost  of 
lit  wor£f  for  generating  electricity  will  be.  Meanwhile,  we  know 
pnmmlj  the  cost  of  boilers  and  engines,  and  we  know  approximately 
trbftt  ought  to  be  the  cost  of  dytiamo-electric  macbinos  of  suitably 
largo  siao.  Wo  have,  therefore,  sufficient  grounds  for  concluding 
that  to  produce  a  given  quantity  of  light  electrically  the  cost  of 
pUnt  would  not  exceed  greatly,  if  at  all,  tho  cost  of  eq^uivaleut  gas 
plant. 

There  remainB  to  b©  considered,  in  connection  with  this  part  of 
thi)  mbjeet,  tho  dosi  of  dlsiribaiim.  Can  eletitricity  be  distributed  as 
widely  and  cheaply  as  gas?  On  one  condition,  which  1  fully  hop© 
mu  bo  complied  with,  this  may  be  answered  in  the  afhrmativo.  The 
Midition  is  that  it  be  found  practi(^blo  and  safe  to  distribute 
fiaolncit^  of  oomparatlvely  high  tension. 

The  importance  of  this  condition  will  be  understood  when  it  is 
nSMBtberod  that  to  effectively  utilise  electricity  in  tho  production  of 
light  in  the  manner  I  have  bbcn  explaining,  it  is  necessary  that  tho 
rtsi$ian<-e  in  the  carbon  of  th^  Inmpi  should  be  relatively  great  to  the 
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resiHanee  in  the  unres  which  convey  the  current  to  them.  When  lamps 
are  so  united  with  the  condaoting  wire,  that  the  oturent  which  it 
oonveys  is  divided  amongst  them,  yon  have  «  condition  of  tilings  in 
which  the  aggregate  resistance  of  the  lamps  will  he  very  small,  and 
the  conducting  wire,  to  have  a  relatively  small  resistance,  most  either 
he  very  short,  or,  if  it  he  long,  it  must  be  very  thicks  otherwise  tiiere 
will  be  excessive  waste  of  energy ;  in  fact,  it  will  not  be  a  practical 
condition  of  things. 

In  order  to  supply  the  current  to  the  lamps  economically,  there 
should  be  comparatively  little  resistance  in  the  line.  A  waste  of 
energy  through  the  resistance  of  the  wire  of  10  or  perhaps  20  per 
cent,  might  be  allowable,  but  if  the  current  is  supplied  to  the  lamps 
in  the  manner  I  have  described — that  of  multiple  arc,  each  lamp 
being  as  it  were  a  crossing  "between  two  main  wires,  then — and  even  if 
the  individual  lamps  offered  a  somewhat  higher  degree  of  resistance 
than  the  lamps  now  in  actual  use — ^the  thickness  of  the  conductor 
would  become  excessive  if  the  line  was  far  extended.  In  a  line  of 
half  a  mile,  for  instance,  the  weight  of  copper  in  the  conductor  would 
become  so  great,  in  proportion  to  the  number  of  lamps  supplied 
through  it,  as  to  be  a  serious  charge  on  the  light.  On  the  other 
hand,  if  a  smaller  conducting  wire  were  used,  the  waste  of  energy  and 
consequent  cost  would  groatiy  exceed  that  I  have  mentioned  as  the 
permissive  limit 

Distribution  in  this  manner  has  the  merit  of  simplicity,  it  involves 
no  danger  to  life  from  accidental  shock ;  and  it  does  not  demand 
great  care  in  the  insulation  of  the  conductor.  But  it  has  the  great 
defect  of  limiting  within  comparatively  small  bounds  the  area  over 
which  the  power  for  lighting  could  be  distributed  from  one  centre. 
In  order  to  light  a  large  town  electrically  on  this  system,  it  would 
be  necessary  to  have  a  number  of  supply  stations,  perhaps  half  a 
mile  or  a  mile  apart.  It  is  evidentiy  desirable  to  be  able  to  efifeot 
a  wider  distribution  than  this,  and  I  hope  that  either  by  arranging 
the  lamps  in  series,  so  that  the  same  current  passes  through  several 
lamps  in  succession,  or  by  means  of  secondary  voltaic  cells,  placed  as 
electric  reservoirs  in  each  house,  it  may  be  possible  to  economically 
obtain  a  much  wider  distribution. 

Whether  by  the  method  of  multiple  arc  (illustrated  by  Diagram  L) 
which  necessitates  the  multiplication  of  electrical  stations ;  or  by 
means  of  the  simple  series  (illustrated  by  Diagram  11\  or  by  means 
of  secondary  batteries  connected  with  each  other  nrom  house  to 
house  in  single  scries,  the  lamps  being  fed  from  these  in  multiple 
arc  (as  illustrated  by  Diagram  III.),  I  am  quite  satisfied  that 
comparatively  with  the  distribution  of  gas,  the  distribution  of 
electricity  is  sufficiently  economical  to  permit  of  its  practical  applica- 
tion on  a  largo  scale. 

As  to  the  cost  of  laying  wires  in  a  house,  I  have  it  on  the 
authority  of  Sir  Wm.  Thomson,  who  has  just  had  his  house  oom- 
pletoly  fitted  with  incandescent  lamps  from  attics  to  cellars— to  the 
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entire  baniflhroept  of  gas— tliat  the  cost  of  internal  wires  for  the 
electric  l&mpa  is  less  than  tha  cost  of  plumbing  in  connection  witli 
gas  pipes, 

I  fiflve  carpcndod  an  amoiint  of  tim©  on  tlie  question  of  co*l  wMch 
I  fear  mm%  bave  been  teflions ;  bnt  I  bave  done  m  from  tbo  con- 
victioD  that  the  practical  intere&i  of  tbe  nrnttcr  depends  on  tliia 
poml  If  electric  lighting  by  incandcBcenco  is  not  an  oconoraical 
firooesa^  it  is  unimportant ;  bat  if  it  can  be  establiehed— and  I  have 
no  donbt  that  it  can— that  this  mode  of  producing  light  is  economical, 
the  subject  BseumeB  an  aspect  of  the  greatest  importance. 

Al  tbo  ugh  at  the  present  moment  there  may  bo  deficiencies  in 
tb©  apparatus  for  generating  and  storing  electricity  on  a  Yery  large 
scale,  and  but  little  eiporionce  in  distributing  it  for  lighting  purposea 
over  wide  areas,  and  ooneecitiently  much  yet  to  be  learnt  in  these 
respects ;  yetp  if  once  it  can  be  clearly  establigbed  that  light  for  light, 
electrici^  ia  cheap  as  gas,  and  that  it  can  bo  mode  applicable  to 
all  the  purposes  for  which  artificial  light  is  required,  electric  light 
pofttosaoe  siich  marked  advantages  in  connection  with  health,  with 
tbe  preteiT&tion  of  property,  and  in  respect  of  safety,  as  to  leave  it 
fta  nearly  certain  els  anything  in  this  world  can  be,  that  tbe  wide 
sabfitituticn  of  the  one  form  of  light  for  the  other  i^  only  a  question 
~  time. 
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EXTRA  EVENING  MEETING, 
Monday,  March  13,  1882. 

HJa.H.  Thb  Pbincb  of  Wales,  K.G.  F.B.S.  Vioe-Patron  and 
Honorary  Member,  in  the  Chair. 

Eadweasd  MuTBBiDaB,  of  San  FrandBCO. 

The  Attitudes  of  Animals  in  Motion^  iUustrated  with  the 
Zooprcuciscope. 

The  problem  of  animal  mechanism  has  engaged  the  attention  of  man- 
kind during  the  entire  period  of  the  world's  history. 

Job  describes  the  action  of  the  horse ;  Homer,  that  of  the  ox ;  it 
engaged  the  profound  attention  of  Aristotle,  and  Borelli  devoted  a 
lifetime  to  its  attempted  solution.  In  every  age,  and  in  every 
country,  philosophers  have  found  it  a  subject  of  exhaustless  research. 
Marey,  the  eminent  French  savant  of  our  own  day,  dissatisfied 
with  the  investigations  of  his  predecessors,  and  with  the  object 
of  obtaining  more  accurate  information  than  their  works  afforded 
him,  employed  a  system  of  flexible  tubes,  connected  at  one  end 
with  elastic  air-chambers,  which  were  attached  to  the  shoes  of  a 
horse ;  and  at  the  other  end  with  some  mechanism,  held  in  the  hand 
of  the  animal's  rider.  The  alternate  compression  and  expansion  of 
the  air  in  the  chambers  caused  pencils  to  record  upon  a  revolving 
cylinder  the  successive  or  simultaneous  action  of  each  foot,  as  it 
correspondingly  rested  upon  or  was  raised  from  the  ground.  By  this 
original  and  ingenious  method,  much  interesting  and  valuable  in- 
formation was  obtained,  and  new  light  thrown  upon  movements  until 
then  but  imperfectly  understood. 

While  the  philosopher  was  exhausting  his  endeavours  to  expound 
the  laws  that  control,  and  the  elements  that  effect  the  movements 
associated  with  animal  life,  the  artist,  with  a  few  exceptions,  seems  to 
have  been  content  with  the  observations  of  his  earliest  predeceBsors 
in  design,  and  to  have  accepted  as  authentic  without  further  inquiry, 
the  pictorial  and  sculptural  representations  of  moving  animals 
bequeathed  from  the  remote  ages  of  tradition. 

When  the  body  of  an  animal  is  being  carried  forward  with 
uniform  motion,  the  limbs  in  their  relations  to  it  have  alternately  a 
progressive  and  a  retrogressive  action,  their  various  portions  acce- 
lerating in  comparative  speed  and  repose  as  they  extend  downwards 
to  the  feet,  which  are  subjected  to  successive  changes  from  a  condition 
of  absolute  rest,  to  a  varying  increased  velocity  in  comparison  with 
that  of  the  body. 

The  action  of  no  single  limb  can  be  availed  of  for  artistic  pmposes 
without  a  knowledge  of  the  synchronous  action  of  the  other  Imibs; 
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mnd  to  tlie  extreme  difficnlty,  almost  imposBibilitj,  of  the  mind  being 
capable  of  appreciating  the  aim ultan eons  motion  of  the  four  limbs  of 
lui  animal,  even  in  the  slower  moTemeuts,  may  be  ftttributod  the 
tnnnmcr&bte  errors  into  which  investigntors  by  observation  have  beon 
Llx^trayed,  When  these  syDchronoue  movemQiitB  and  the  enccessive 
llittitudeifi  they  oocaaion  are  underBtood,  we  at  ouco  800  the  simplicity 
Ipf  animal  locomotion,  in  all  ita  irariona  types  and  altcrantiona.  The 
nralk  of  a  quadruped  being  its  gloweat  progressive  movement  wonld 
keem  to  be  n  very  simple  action,  easy  of  observation  and  presenting 
Wbnt  little  difficnlty  for  analysis,  yet  it  has  occasioned  in  terminable 
kontroveraies  among  the  closest  and  most  experienced  observers. 
I  Wlien,  during  a  gallop,  the  fore  and  hind  legs  are  eoverally 
Isnd  coDBecutively  throst  forvrards  and  backwards  to  their  fullest 
Mxtent,  their  comparative  inactiou  may  create  in  the  mind  of  the  care- 
pM  obtserver  an  ImpregBton  of  indialinet  outlines ;  these  snecesaive 
Ikppw^ances  were  probably  combined  by  the  earliest  sculptors  and 
l^iniers,  and  with  grotesiiuo  exaggeration  adopted  as  the  solitary 
Koaition  to  illuatrato  great  speed.  Or,  ae  ts  very  likely,  eiceesive 
iprojectton  of  limb  was  intended  to  symbolise  speed,  just  as  excess  in 
mse  wns  an  indication  of  rank.  This  opinion  is  to  soma  eictent  cor- 
Toborated  by  the  productions  of  tho  Grecian  artists  in  their  best 
k  period,  when  their  heroes  are  reprosentod  of  tho  aame  size  as  other 
Isaen^  and  their  horses  in  attitudes  more  nearly  resembling  thoso 
l|»ci«6ible  for  them  t<>  ot^stimo.  The  remarkable  conventional  attitude 
Ifif  the  Egyptians,  however,  has,  with  few  modifications,  been  used  by 
Mrtkts  of  nearly  every  age  to  represent  the  action  of  galloping,  and 
FJprevAtls  without  recognised  correction  in  all  civilised  countries  at  the 
pr£«eiit  day. 

Tho  ambition  and  perhaps  also  the  provinoe  of  art  in  its  most  ex- 
i  ftltdd  scinse,  is  to  be  a  deliueator  of  impresBions^  a  creator  of  efiectSf 
I  ratber  than  a  recorder  of  facts.    Whether  in  the  illuBtrationa  of  the 
I  attitudes  of  animolB  in  motion  tho  arttst  is  justiBed  in  socriEcing 
^  truth*  for  an  impression  eo  vague  as  to  be  dispelled  by  the  first 
etudied  observation,  is  a  question  perhaps  aa  much  a  subject  of  con- 
troversy now  as  it  was  in  the  time  of  Lysippns,  who  ridiculed  other 
ficulpUjrs  for  making  men  as  they  existed  in  nature ;  boasting  that  he 
timself  made  them  as  they  ought  to  be. 

A  few  eminent  artists,  notfible  among  whom  is  Meissonior,  have 
endeavour^  in  depicting  the  Blower  movements  of  animals  to  invoke 
Iho  aid  of  truth  instead  of  imagination  to  direct  their  pencil,  but 
with  little  encouragement  from  their  critics  ;  until  recently,  however, 
Ariiats  and  critics  alike  have  necessarily  had  to  depend  upon  their 
obsamtioa  alono  to  justify  tbeir  conceptions  or  to  support  their 

Fbotography,  at  first  regarded  as  a  curiosity  of  saienoo,  was  soon 
reoognined  m  a  mo^st  important  factor  in  the  scarcb  for  truths  and 
ili  more  popular  use  is  now  entirely  subordinated  by  its  value  to  the 
ler,  the  anatomist,  the  pathologist,  and  other  investigators  of 
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the  complex  problems  of  nature.  The  artist,  howeyer,  still  hesitates 
to  avail  himself  of  the  resources  of  what  may  be  at  least  acknowledged 
as  a  handmaiden  of  art,  if  not  admitted  to  its  most  exalted  ranks. 

Haying  devoted  mnch  attention  in  California  to  experiments  in 
instantaneous  photography,  I,  in  1872,  at  the  suggestion  of  the  editor 
of  a  San  Francisco  newspaper,  obtained  a  few  photographic  impres- 
sions of  a  horse  during  a  fast  trot 

At  this  time  much  controversy  prevailed  among  experienced 
horsemen  as  to  whether  all  the  feet  of  a  horse  while  trotting  were 
entirely  clear  of  the  ground  at  the  same  instant  of  time.  A  few  ex- 
periments made  in  that  year  proved  a  fact  which  should  haye  been 
self-evident. 

Being  much  interested  with  the  experiments  of  Professor  Marey,  in 
1877  I  invented  a  method  for  the  employment  of  a  number  of  photo- 
graphic cameras,  arranged  in  a  line  parallel  to  a  track  over  which  the 
animal  would  be  caused  to  move,  with  the  object  of  obtaining,  at 
regulated  intervals  of  time  or  distance,  several  consecutive  impres- 
sions of  him  during  a  single  complete  stride  as  he  passed  along  in 
front  of  the  cameras,  and  so  of  more  completely  investigating  the 
successive  attitudes  of  animals  while  in  motion  than  could  be  accom- 
plished by  the  system  of  M.  Marey. 

I  explained  the  plan  of  my  intended  experiments  to  a  wealthy 
resident  of  San  Francisco — Mr.  Stanford — who  liberally  agreed  to 
place  the  resources  of  his  stock-breeding  fjeirm  at  my  disposal,  and  to 
reimburse  the  expenses  of  my  investigations,  upon  condition  of  my 
supplying  him,  for  his  private  use,  with  a  few  copies  of  the  con- 
templated results.  The  apparatus  used  and  its  arrangement  will  bo 
better  understood  by  a  reference  to  the  accompanying  drawings. 


Fig.  1.  A  photographing  lens,  and  camera  containing  a  sensitised 
plate ;  and  side  view  of  electro-exposor  placed  in  front  of  camera. 
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Pig»  2.  Back  view  of  ekctro-eipoBor.  Two  shutters  P  P,  each 
comprifimg  two  panolg,  with  an  oponing  O  b<jtweoii  them,  are  arjju&ted 
to  moTe  freely  up  and  down  id  a  frame  ;  thoy  are  liere  arraogc^d  ready- 
fur  an  ciposurej  and  are  hehl  in  position  hy  a  latch  L  and  trigger  T, 
all  light  being  excluded  frem  the  lentil  A  flight  extra  tenRion  of 
ihe  thread  B,  Fig.  4,  wOl  cause  a  contact  of  the  metal  springs  M  S,  and 
oompldte  a  circuit  of  electricity  through  tho  wires  WW  and  the 
electro-magnet  M ;  the  consequent  attraction  canses  the  armature  A 
to  Btrike  the  trigger,  the  latch  is  released,  the  shutters  are  drawn 
respectiyely  upwards  and  downwards  by  means  of  the  rubber  springs 
SS,  and  light  ib  admitted  to  the  seuBitised  plato  while  tho  openings 
in  tho  shatters  are  passing  each  other  in  front  of  tho  lene. 

Fig,  3.  Front  view  of  electro-eJtpoeot  after  eijiosurc  of  the  plate* 
Fig,  5.  Geneml  view  of  studiOi  operating  track,  and  haokground. 
In  tho  studio  are  arranged  24  photographing  cameras  at  a  distance 
of  12  inches  from  the  centre  of  each  lens;  an  olectro-exposor  is 
Becorely  fiied  in  front  of  each  camera.  Threads  12  inches  apart  are 
fftretcbed  across  the  track  (only  two  of  which  are  introduced  in  tho 
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engraTiAg)t  ftt  a  suitable  height  to  strike  tho  breast  of  the  animal 
exx>ennicnted  with,  one  end  of  the  thread  being  fastened  to  the  back-' 
grotmd,  the  other  to  the  spring.  Fig.  4,  which  is  drawn  almost  to  tho 
po^iiit  of  oontoct. 

The  animal  in  its  progress  over  the  track  will  strike  these  threads 
in  saoceasion^  and  as  each  pair  of  springs  is  brought  into  contact, 
the  current  of  electricity  thereby  created  effects  a  photographic 
I     exposure,  ns  described  by  Figs,  2  and  4  ;  and  each  consecutive  espo- 

Ime  recordjs  the  prjaition  of  the  animal  at  the  instant  tho  thread  is 
■tosck  and  broken. 
'  For  obtaining  suoooBsiYe  oxjjosures  of  horses  driven  in  vehicles, 

one  of  the  wheels  is  ste©re<l  in  a  channel  over  wires  slightly  elevated 
from  tljo  ground ;  the  depresBlon  of  each  wire  oomplct*>s  an  electric 
eircnit,  ftod  effiwts  the  exposures  in  tho  same  mamief  as  the  threads. 
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Fig.  6.  Operating  track,  covered  with  corrugated  indiambber,  and 
marked  with  transverse  lines  12  inches  apart  Each  line  is  nmnbered, 
for  the  purpose  of  more  readily  ascertaining  the  length  of  the 
animal's  stride.  On  one  side  of  the  track,  and  opposite  to  the  battery 
of  cameras,  a  white  background  is  erected  at  a  suitable  angle. 


Fig.  6. 


The  camera  in  which  any  one  negative  in  a  series  of  exposures  is 
made  is  designated  on  that  negative  by  the  parallel  direction  of  the 
vertical  stake  with  the  horizontal  line  extending  to  the  corresponding 
number  immediately  opposite.  The  discriminating  number  of  each 
scries  is  marked  on  each  negative  by  the  large  numbers — 229,  for 
example — which  are  changed  for  each  movement  illustrated. 

For  recording  the  successive  attitudes  of  animals  not  under 
control,  an  apparatus  is  used,  comprising  a  cylinder,  around  which 
are  spirally  arranged  a  number  of  pins ;  upon  the  cylinder  being  set 
in  motion  through  gearing  connected  with  a  spring  or  weight,  these 
pins  are  consecutively  brought  into  contact  with  a  corresponding 
number  of  metal  springs ;  a  succession  of  electric  currents  are  thereby 
created  which  act  through  their  respective  magnets  attached  to  the 
electro-exposors  at  regulated  intervals  of  time.  The  cylinder  is  put  in 
motion  either  by  bringing  it  into  gearing  with  other  parts  of  the  appa- 
ratus already  in  motion  ;  or  by  releasing  a  break  with  the  hand,  or  by 
the  action  of  some  object  at  a  distance  by  means  of  an  electric  onnenL 

This  apparatus  is  principally  used  for  illustrating  the  flight  of 
birds,  the  motions  of  small  animals,  and  changes  of  position  without 
continuous  progressive  motion,  such  as  occur  during  wrestling  or 
turning  a  summersault ;  when  the  cameras  are  directed  towards  the 
place  where  the  movements  are  being  executed. 

The  boxes  outside  the  studio  (Fig.  5)  contain  cameras  and  electro- 
exposors  for  obtaining  synchronous  exposures  of  a  moving  object  from 
different  points  of  view. 

The  following  analyses  of  some  of  the  movements  investigated  hj 
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Ihe  aid  of  electPO-pHotogmpiiic  eipoenrea,  are  repeated  by  permisBioQ 
of  the  Preaiciettt  and  CouDoil  from  a  paper  read  by  the  author  before 
the  Eoyal  Society,  and  are  rendered  more  perfectly  intelligible  by  the 
reprodaetionB  of  the  actual  motions  projected  on  a  icreen  througli 
the  aoopraiifieope, 

Selecting  the  horse  for  the  pnrpos^B  of  illustration,  we  find  that 
during  hia  slowest  progressive  movement — ^the  walk — he  has  always 
two,  and,  for  a  varying  period,  three  feet  on  the  ground  at  once. 
With  a  fast  walking  horse  the  time  of  support  upon  three  feet  is 
©]toeedingly  brief;  while  during  a  very  alow  walk  all  four  feet  aro 
occasionally  on  the  gronnd  at  the  same  instant. 

The  successive  order  of  what  may  be  termed  foot  fallingH  are 
these.  CommonciDg  with  the  landing  of  the  left  hind  foot,  the  next 
to  ftrike  the  ground  will  be  the  left  fore  foot»  followed  in  order  by 
the  right  hind,  and  right  fore  foot.  Bo  far  as  the  camera  has  revealed, 
theiie  suoceasive  foot  fallings  during  the  walk  are  invariable,  and  are 
probably  common  to  all  quadrupeds.  Bat  the  time  during  which 
each  foot,  in  its  relation  to  the  other  feet,  remaiiifl  on  the  ground, 
rvnm  greatly  with  different  species  of  animals,  and  even  with  the 
Bune  animal  tinder  difierent  conditions.  During  an  ordinary  walk, 
at  the  instant  preceding  the  striking  of  the  left  hind  foot|  the  body  is 
snplKirted  on  the  right  laterals,  and  the  left  fore  foot  is  in  act  of 
pvmng  to  the  front  of  the  right  fore  foot.  The  two  hind  feet  and 
^  right  fore  foot  immediately  divide  the  weight.  The  right  hind 
foot  is  now  raised,  and  the  left  hind  with  its  diagonal  fore  foot 
nHtAins  the  body ;  the  left  fore  ncit  touches  the  ground  and  for  an 
iaalvit  the  animal  is  again  on  three  feet ;  the  right  fore  foot  is 
immediately  raised  and  again  the  support  is  derived  from  laterals— 
the  left  instead  of  as  before  the  right.  Om  half  of  the  stride  u  now 
completed,  and  a  similar  series  of  alteniations,  subetituting  the  right 
feet  for  the  left,  completes  the  other  half.  These  movements  will 
perhjips  be  more  readily  understood  by  a  reference  to  the  longitudinal 
aleration,  Fig.  7,  No.  1,  which  illustrates  some  approximate  relative 
poritiom  of  the  feet  of  a  rapid  walking  hor^e,  with  a  stride  of 
o  fesi  9  lllttbM.  The  positions  of  the  feet  indicated  io  thie^.nud  aim  in 
IIm  oilier  vtridoa  illuatrateil  in  Fig.  7  are  copied  from  phot^jgraphs, 
and  from  them  we  leani  that  during  an  ordinary  walk  the  consucutira 
feiipporting  feet  are : 

1,  The  left  hind  and  left  fore — kUerah. 

2,  Both  hind,  and  left  fore. 
3p  Right  hind  and  left  fore — diagonah. 
4.  Bight  hind  and  botli  foro. 
6.  Right  hind  and  right  fore — hteTah* 
6.  Buth  hiiul.  uiul  right  fure, 
7*  Left  hind  mid  right  fore  -w^Vi^^fmrt/*. 
8.  Left  hind  and  Utih  fore,  .  .  - 

VouX,   {No.  76.)  -  '        -  K 
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Oommoiicmg  again  with  the  first  position  ;  it  is  thae  seen  tliat 
ft  horse  during  a  walk  m  on  two  feet,  and  tlie  uthor  two  feet  are 
mpended  between  the  supporting  legs,  tbo  suspemied  foet  arc  lat^^rals. 
Oo  Ibe  other  hattd,  whaii  the  ati^peuded  feet  are  scvoraUy  in  adrancd 
olind  iMshiud  the  Btipporting  legs,  thuy  are  diagoaab. 

These  invariable  rulee  seem  to  be  neglected  or  entirelj  igaorod  bj 
jsmj  q{  the  most  eminent  animal  painters  of  modem  times. 

The  Trot. 

By  fiomu  obserrers  the  perfect  trot  is  desoribetl  us  an  absolutely 
tpdironans  movement  of  the  diagonal  feet,  Thia  simnltaneous 
•etioti  may  be  oonrndered  desirable,  but  it  probably  never  occurs. 

Sometajnes  the  fore  foot  will  be  raised  before  the  diagoeal  hind 
luAiMmeliinefl  afterwards ;  bat  in  either  instance,  the  foot  raided  first 
nil  ilrike  the  ground  first ;  repeated  experiments  with  many  racing 
mi  other  trotting  horses  confirmed  this  want  of  simultaneity.  Self^ct^ 
iDg  for  ftJi  example  of  the  trot  a  horse  making  a  stride  of  18  feet  in 
m0ti^  we  ^d  that  at  the  instant  bis  right  fore  foot  strikes  the 
grcnud,  the  left  hind  foot  18  a  few  inches  behind  the  point  where  it 
pnsAently  strike  at  about  38  or  40  inches  to  the  rear  of  the  fore 
faol.  Wlifiii  both  feet  have  reaclrod  the  ground^  the  right  hind  leg  is 
iMe^ed  tndk  almost  to  its  fullest  eitent,  with  the  pattern  nearly 
IscisoDtal,  while  the  left  fore  leg  is  floied  under  the  body.  As  tho 
mpprmsh  a  vertical  position  tho  pasterns  are  gradually  lowered, 
md  Mi  w  springs  to  break  the  force  of  the  concussion  until  they  are 
hmi  nearly  at  right  angles  with  the  legs. 

At  thifl  periGHl  the  left  fore  foot  is  raised  to  its  greatest  height, 
lad  will  frequently  strike  tbe  elbow,  while  the  right  hind  foot  is  but 
liUie  raised  from  the  ground  and  is  about  to  pass  to  the  front  of  tbo 
kft  hmd. 

Th«  putems  gradually  rise  as  the  legi^  decline  backwards  until 
6t  right  fore  foot  bae  left  tho  ground  and  the  last  propelling  forco 
ft  hmg  exorcised  by  the  loft  hind  foot ;  which  accomplished,  tho 
IDIIB^  IS  is  mid  air. 

Tlie  right  hind  foot  cont tunes  its  onward  motion  until  it  is  some- 
Dodl  in  advance  of  its  lateral  fore  footj  tlio  former,  however, 
I  gndiially  towered,  while  the  latter  is  being  raiBed,    The  right 
iaid  both  fine  legs  are  now  much  flexed,  wltile  the  left  hind  in 
bidnrarda  to  its  greatest  extent  with  tho  bottom  of  the  foot 
mwude,  the  left  fore  leg  ie  being  thrust  forwardjs  and  gradu- 
liy  ftmigjileiied,  with  the  toe  raised  as  the  foot  approaches  the 
Mni;  wtiich  aoooxtiplished,  with  a  substitution  of  the  left  Umbs  for 
b  rigM  we  find  tbem  in  the  same  relative  positions  as  when  we 
Mmnead  our  examination,  and  one  half  of  the  stride  is  completed. 

WUb  flight  aod  immaterial  difTerencos,  such  as  might  be  caused 
If  kngoknttes  of  the  ground,  these  movemeuts  arc  repeated  by  tho 
^^•bff  pur  of  dlAgonals,  and  the  entire  stride  is  then  complete. 
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Line  4  illnstrates  a  stride  of  18  feet  3  indies^  and  the  order  of 
sapporting  feet  are : — 

1.  The  right  fore  foot. 

2.  The  left  hind  and  right  fore  feet 
8.  The  left  hind  foot. 

4.  Without  support. 
6.  The  left  fore  fool 

6.  The  right  hind  and  left  fore  feet. 

7.  The  right  hind  foot. 

8.  Without  support. 

It  appears  somewhat  remarkable  that  nntil  the  results  of  M. 
Marey's  experiments  and  of  those  obtained  by  electro-photography 
were  published,  many  experienced  horsemen  were  of  opinion  that 
during  the  action  of  trotting  at  least  one  foot  of  a  horse  was  always 
in  contact  with  the  ground. 

If  the  entire  stride  of  a  trotting  horse  is  divided  into  two  por- 
tions, representing  the  comparative  distances  traversed  by  the 
ftggi^gate  of  the  body  while  the  feet  are  in  contact  with,  and  while 
they  are  entirely  dear  of,  the  ground;  the  relative  measurements 
will  be  found  to  vary  very  greatly,  they  being  contingent  upon  length 
of  limb,  weight,  speed,  and  other  circumstances. 

Heavily  built  horses  will  sometimes  merely  drag  the  feet  just 
above  the  surface,  but,  in  every  instance  of  a  trot,  the  weight  of  the 
body  is  really  unsupported  twice  during  each  stride  (see  stride  2, 
positions  4  and  4  d).  It  sometimes  happens  that  a  fast  trotter,  during 
the  two  actions  of  a  stride,  will  have  all  his  feet  clear  of  the  ground 
for  a  distance  exceeding  one-half  of  the  length  of  the  entire  stride ; 
this  elasticity  of  movement  is  however  exceptional. 

The  action  of  a  fast-trotting  horse  while  drawing  a  vehicle  is 
very  di£ferent  from  his  action  under  the  saddle ;  in  the  latter  case, 
the  hind  legs  are  kept  thrust  back  for  a  longer  period,  and  their  final 
forward  movement  is  much  more  rapid. 

The  Amble. 

Assuming  our  observation  of  this  movement  to  commence  when, 
during  a  stride  of  about  10  feet,  the  left  hind  foot  has  just  struck  the 
ground  slightly  to  the  rear  of  where  the  right  fore  foot  is  resting; 
Sie  left  fore  leg  will  be  well  advanced  but  still  flexed,  with  the  toe 
pointed  downwards,  and  the  right  hind  foot  having  been  the  last  to 
leave  the  ground,  will  be  thrust  backwards  with  the  pastern  nearly 
horizontal. 

As  the  right  fore  foot  leaves  the  ground,  the  left  fore  leg  is 
gradually  straightened  during  its  thrust  forwards ;  the  right  hind  foot 
in  the  meantime  is  gradually  advancing,  and  the  horse  is  supported 
on  the  loft  hind  foot  alone. 

The  left  fore  foot  is  now  brought  to  the  ground,  and  the  body 
rests  on  the  left  laterals,  with  the  right  laterals  suspended  between 
them. 


1882-1  on  Ammali  in  Motion.  53 

As  the  left  furo  leg  atttdcs  a  Tertlcnl  position,  its  lateral  leaves 
Iho  ground,  and  the  support  of  tbe  body  devolves  on  the  left  fore 
foot  alone,  the  right  foro  log  being  considarably  fleied,  with  tlio 
foot  in  ad  ranee  of  the  loft  fore  leg. 

The  right  hind  foot  now  strikes  the  ground,  and  one  half  of 
tho  stride  is  accompliBhcMl ;  tht-fio  movements  are  repeated  with  a 
flange  of  the  limbs  for  the  remaLning  portion  of  the  stride,  and  the 
Imie  ifi  again  in  the  position  in  which  we  first  observed  him. 

We  shall  see  by  reference  to  stride  No.  6  the  consecutive  support- 
ing feet  to  bo : 

1.  The  left  hind  fot>t. 

2.  The  left  hind  and  left  fore  feet— ^afem/«, 

3.  The  left  fore  foot. 

4.  The  left  fore  and  right  hind  feet — diagmaU. 

5.  Hie  right  hind  foot. 

6*  The  right  hind  and  right  fore  feet — hl&rah, 

7.  The  right  fore  foot. 

8.  Tlie  right  iot^  and  left  hind  f&et—  dieufonatg. 
The  right  fore  foot  being  raised,  the  horse  is  again  in  the  first 

podtiott. 

The  Mnble  and  the  walk  are  the  only  regular  progresaive  move- 
ments of  the  horse  wherein  the  body  is  never  withont  the  support 
of  one  or  more  legs,  in  all  others  the  weight  is  entirely  ofiT  the  grottnd 
for  a  longer  or  flhorter  period. 

The  Eaclt  or  Fact, 

Tbe  rack  differs  from  the  trot  in  the  nearly  synchronous  action 
of  the  laterals  instead  of  the  diagmiaU. 

In  some  conntriee  the  rack  is  naturally  adopted  by  the  horso  a§ 
0iie  of  his  gaits,  but  it  is  probably  caused  by  the  effects  of  training 
exercised  over  many  generations  of  kis  ancestors. 

The  movements  already  described  aro  regular  in  their  action,  and 
a  stride  may  be  divided  into  two  parta,  which  are  essentially  similar 
to  oacb  other, 

nte  Canter 

and  the  gallop,  however^  cannot  be  so  divided,  and  a  complete  stride 
in  either  of  those  gaits  is  a  combination  of  several  different  move- 

The  canter  is  nanaUy  regarded  as  a  slow  gallop,  probably  from 
llie  facility  with  which  a  change  from  one  gait  to  tiie  other  can  bo 
«fledted ;  an  important  difierence  will,  however,  be  observed. 

Assuming  a  horse  after  bis  propulsion  throngh  the  air,  during  a 
stride  of  10  feet,  to  have  just  landed  on  his  left  hind  foot,  the  right 
hind  foot  will  be  on  tbe  point  of  passing  to  the  front  of  the  left.  The 
left  fore  leg  will  bo  thrust  forward  and  nearly  straight,  while  the 
rigiit  for©  kg  will  be  flexed  with  tho  foot  elevated  about  12  inohea 
from  Hid  ground,  and  somewhat  behind  tha  vertioal  of  the  bieiit 
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The  loft  fore  foot  being  brought  to  the  ground,  the  body  is  supportod 
by  the  laterals ;  the  right  liind  foot  is,  however,  quickly  lowered,  and 
performs  its  share  of  support.  The  left  hind  foot  is  then  mised,  and 
the  right  hind  and  left  fore  legB  assume  the  weight,  the  former  being 
nearly  vertical,  and  the  latter  inclined  well  hack,  the  right  fore  foot  is 
thrust  wqU  forward,  and  is  just  about  to  strike  the  ground  i  when  it 
docB,  three  foot  again  share  tbo  support,  they  being  the  two  fore  and 
the  right  hind.  The  left  fore  foot  now  leavtjs  the  ground,  and  wo 
again  find  the  support  fnrnishod  by  the  laterala^  the  right  in  stead  of, 
as  before,  the  left. 

The  right  bind  foot  is  raised  when  the  right  fere  leg  becomes 
verticcd ;  this  latter,  which  now  auetains  the  entire  weight,  gives  the 
final  effort  of  propulsion,  and  the  body  is  horlod  into  the  air. 

The  descent  of  the  left  hind  foot  completea  tbe  stride,  and  the 
consceuiive  movements  are  repeated. 

In  stride  No*  7  we  Icam  that  during  the  canter  the  support  of  the 
body  is  derived  &om 

1.  The  left  hind  foot, 

2.  The  left  hind  and  left  fore  feet — iaterali. 
Both  hind  and  the  left  fore  feet, 

4,  The  right  hind  and  loft  fore  feet — "diagonals. 
5*  The  right  hind  and  both  fore  feet. 

6,  The  right  hind  and  right  fore  feet — later  ah. 

7.  The  right  fore  foot  alone,  on  which  he  leaves  the  grouiid. 

The  Gallop  or  Bun. 

*Fhig  movement  has  in  all  ages  been  employed  by  artists  to  convey 
the  impression  of  rapid  motion,  although,  curiously  onongh,  the  atti- 
tude in  which  the  horse  has  been  almost  invariably  depicted  is  on© 
which  is  impracticable  during  uniform  progressive  motion. 

When  during  a  rapid  gallop,  with  a  stride  of  20  feet,  a  horse  after 
his  flight  through  tho  air  lands  on  his  left  hind  foot,  the  right  hind 
will  be  suspended  over  it  at  an  elevation  of  12  or  15  inches,  and 
several  inches  to  tho  rear  of  and  above  it  the  sole  of  the  right  fore 
foot  will  bo  turned  up  almost  horizontally,  the  left  fore  leg  is  fiexed 
with  the  foot  under  the  breast  at  a  height  of  18  or  20  inches. 

The  right  hind  foot  strikes  the  ground  some  36  inches  in  advance 
of  the  left  hind,  each  as  they  laud  being  forward  of  the  centre  ol 
gravity. 

The  body  is  now  thrust  forward,  and  while  the  right  hind  pastern 
is  still  almost  horizontal,  the  left  bind  foot  leaves  the  ground.  At  this 
time  the  left  fore  leg  is  perfectly  straight,  the  foot,  with  the  toe  mooh 
higher  than  the  heel,  is  thrust  forward  to  a  point  almost  vertical  with 
the  nose>  and  at  an  elevation  of  about  12  inches  the  right  fore  knee  is 
bent  at  right  angles,  and  the  foot  suspended  under  the  breast  at  several 
inches  greater  elevation  than  the  left  fore  foot. 

The  left  fore  foot  n^w  strikes  the  grouud,  96  inches  in  advance  of 
the  spot  which  the  right  hind  foot  is  on  tha  point  of  les^ving^  and  for 
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»  brief  space  of  tiioe  the  dlagoBals  are  upon  the  grotmd  together. 
The  It'ft  fore  leg,  however,  immediately  asBumeB  the  entire  respon- 
sibilitj  of  the  weight,  and  soon  attains  a  vertical  positioii,  with  its 
pastern  at  right  anglea  to  it. 

In  this  poaition  the  right  hind  foot  is  thrust  back  to  its  fullest 
ctitent,  at  an  elevation  of  12  or  14  inches,  with  the  pastern  nearly 
horizontal.  The  left  hind  foot  is  considerably  higher  and  somewhat 
tnore  forward  ;  the  right  fore  leg  i&  straight,  stretehed  forward,  with  the 
foot  about  15  inches  from  the  groundj  and  almost  on  a  perpendicular 
line  &om  the  nose.  The  right  fore  foot  strikes  the  ground  48  inches 
in  adyanoe  of  the  loft  fore,  which,  having  nearly  performed  its  office, 
w  preparing  to  leavo  the  ground;  the  animal  will  then  bo  sup* 
ported  on  the  right  fore  foot  alone,  which  immediately  faXlB  well  to 
the  rear  of  the  centre  of  gravity,  which  ia  sometimes  passed  by  the 
left  hind  foot  at  a  height  of  about  12  inches  ;  the  right  hind  foot  is 
some  distance  in  the  rear,  and  the  left  fore  foot,  at  a  height  of  24  inches, 
is  suspended  somewhat  in  advance  of  its  lateral* 

In  thia  position  the  horse  uses  the  right  fore  foot  for  a  final  act 
of  propnlsion,  aud  is  carried  in  mid  air  for  a  distance  of  60  inches, 
after  which  the  left  hind  foot  descends,  the  stride  is  completed,  and 
the  oonsecntive  motions  renewed. 

The  measurements  and  positions  herein  given  do  not  pretend  to 
exactneag,  m  they  must  depend  to  some  exteut  upon  the  capability, 
trainingj  and  convenience  of  the  animal ;  but  they  may  bo  accepted 
reprofienting  an  average  stride  of  20  feet  with  a  horse  in  a  fair  con- 
dition for  racing. 

From  this  analysis  it  will  bo  secnj  by  reference  to  stride  9j  that 
a  horee,  during  an  ordinary  gallop,  is  supported  consecutively  by ; 

1.  The  left  hind  foot, 

3.  Both  hind  feet, 

8*  The  right  hind  foot, 

4*  The  right  hiod  and  left  fore  feet, 

6*  The  left  fore  foot, 

6.  Both  fore  feet, 

7.  The  right  fore  foot, 

with  which  b(t  leaves  the  ground,  while  the  only  position  in  which  we 
find  him  entirely  without  support  is  when  all  the  legs  are  flexed 
under  his  body. 

It  is  highly  probable,  however,  that  more  exhaustive  experi- 
ments witli  long-striditig  horses  in  perfect  training,  will  diKCOver 
thnro  ]d  fiotnetimca  an  ititerval  of  suspce^ion  between  the  lifting  of 
oao  for©  foot  and  the  descent  of  the  other ;  and  also  between  the 
Uiyfig  ni  the  second  hind  foot  which  touches  the  ground,  and  the 
ijaoeiit  of  its  diagonal  furo  foot  (see  imagiuary  stride  10^.  Should 
yili  latter  he  the  case,  it  will,  from  the  necessary  positiotii  of  the 
Cither  limbe,  afford  but  a  very  slitidowy  pretext  for  the  conventional 
Altiiude  used  by  artists  to  represent  a  gallop.  It  is  extremely 
doubtful  if  there  can  1>q  any  interval  of  suspension  between  tho 
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lifting  of  one  kind  foot  &ud  th4>  desooiit  of  tlio  othor^  no  matter  what 
ih&  length  of  stride, 

Hany  able  ecicntiate  have  written  on  the  thonry  of  the  gallop, 
but  1  l>eUevc  Maroy  was  the  first  to  deniouBtrftte,  that  in  eiectiting  thiH 
mriTement,  the  horse  left  the  ground  with  a  fore  foot  and  landed  on  a 
liin<l  foot. 

The  Leap. 

Tljere  is  little  t^isentml  difference  in  general  characterifittcft  ot 
either  of  the  several  movementi!i  that  hare  been  described,  but  with 
a  number  of  experiments  made  with  horses  while  leaping,  no  t^o 
were  found  to  agree  in  the  manner  of  execution*  The  leap  of  the 
mme  hors«  at  the  eaine  riite  of  speed,  with  the  same  rider,  over  the 
same  hnrtUe,  disoloBed  much  variation  in  the  rise,  clearance,  and 
descent  of  the  animal.  Apart  from  this,  the  horses  wore  not 
thoroughly  trained  Icapere,  and  the  reanlts  are  perhaps  not  repre* 
Hontative  of  those  that  would  be  obtained  from  the  action  of  a  well- 
trained  hunting  borae.  A  few  motions  were,  however,  invariable. 
While  the  horse  was  raising  his  body  to  cl^r  the  hurdle,  one  hind 
foot  was  always  in  advance  of  tlio  other,  and  exercised  its  laat 
energy  alone. 

On  the  descent,  tihe  concussion  was  always  rocseived  by  one  fore 
foot,  supported  by  the  other  more  or  less  rapidly,  and  sometimee  as 
much  as  30  inches  in  advance  of  where  the  first  one  stmck^  followed 
by  the  hind  feet^  also  with  intervidB  of  time  and  distance  between 
their  s^eral  faUs*  It  is  highly  probable  future  experiments  will 
prove  these  observations  to  be  invariable  in  leaping* 

It  is  highly  probahlo  that  these  photographic  investigationB, 
which  were  oiecuted  with  wet  collodion  plates  with  expoenrea 
not  exceeding  in  some  instances  the  one  five^thonsandth  part  of 
a  second,  will  dispel  many  popular  illusions  as  to  gait,  and  that 
future  and  more  exhanstiyo  experiments,  with  all  the  advantages  of 
recent  chemical  discoveries,  will  completely  unveil  to  the  artist  all  the 
Tisible  muscular  action  of  men  and  animals  during  their  most  rapid 
movements* 

The  employment  of  automatic  apparatus  for  the  purpose  of  obtain- 
ing a  regulated  succession  of  photographio  exposures  is  too  recent 
for  its  value  to  be  properly  understood,  or  to  be  generally  used  for 
scientific  experiment ;  at  a  future  time,  the  pathologist,  the  anatomist, 
and  other  explorers  for  hidden  truths  will  find  it  indispensable  for 
their  complex  investigations. 

[E.  M.] 


1 


Cttphtht  W.  fh  W,  Abnetf  on  Spectrum  Aimlifi(i«y  de. 


57 


WEEKLY  EVENING  MEETim 
Friday,  TtUrch  17,  1882. 


Gkoeok  Busk,  Em{. 


F.B,S.  Treasurer  and  Vice*PrOBidoiitj 
10  the  CKam 


Captmn  W.  db  W.  Abnet,  H.E. 

^etiram  Ancdiftts  in  the  infra  red  of  the  Spectrum, 

At  tho  Royal  Institotion  it  would  bo  almost  an  iinpertinonco  on  my 
part  wore  I  to  attmnpt  to  prove  the  exifltenee  of  dark  rays  which  lie 
below  the  red  of  the  spectrtim :  Profesior  TyndaU  has  made  you  all 
flo  thoroughly  aoqaaiuted  with  these  dark  mjB  that  I  may  mtsume  not 
only  your  a^^iaintaufM*  with  them,  but  also  your  interest  in  them. 
The  mofit  aceeesible  means  kitherto  of  exploring  thia  region  of  the 
gpectrnm  h&a  been  by  a  e^dy  of  its  heating  effect,  a»  shown  by  the 
thermopile ;  and  more  particularly  when  an  integration  of  the  eflfect 
prtxlncod  by  ita  component  rays  is  required.  Beflutifnlly  delicate  is 
the  thermopile,  but  it  must  not  be  forgotten  that  it  depends  for  its 
delicacy  largely  on  the  area  of  its  face.  A  little  consideration  will 
■bow  tliat  if  you  wish  to  examine  the  spectrum  by  its  means^  you 
■ml  be  prepared  for  a  drawback 

In  the  thermopile  I  have  here,  the  elements  composing  it  are 
ftRttOged  in  a  line,  md  I  can  allow  any  fineness  of  beam  to  penetrate 
to  its  Anrface  by  means  of  this  adjustable  slit.  Unfortunately,  how' 
ever,  the  narrower  the  slit  the  smaller  is  the  beating  effect  on  th^ 
thermopile  ;  so  that,  if  I  wish  to  measnre  the  heating  effect  of  a  very 
oArrow  beam  of  radiation  which  may  find  its  way  between  the  jaws  of 
the  slit,  the  heating  effect  will  be  so  small  that  it  may  escape  detection. 
In  visible  solar  spectrum,  as  you  are  all  aware,  there  are  breaks 
of  continuity  presenting  to  the  eye  the  appearance  of  fine  dark  lines, 
Mid  showing  a  diminished  radiation.  Now,  suppose  for  an  instani 
that  the  part  of  the  0pectnim  which  is  visible  to  ns  was  dark,  not 
treating  vidoit,  it  is  manifest,  oven  were  the  energy  of  this  part  of 
Ite  ipectrum  very  much  greater  than  it  is,  that  to  ascertain  thd 
eziileaioe  of  these  fine  lines  by  means  of  the  thermopOo  would  he 
nCTt  to  impossible;  since  the  slit  would  have  to  be  closed  to  an 
exoeasivo  degree  of  fineness,  and  when  so  closed  the  tbermepHo 
would  be  insensible  to  radiations  when  such  existed*  Now  this  is 
preouely  the  case  with  which  we  have  to  deal  in  the  spectrum  below 
ibe  i«d«  We  know  of  its  existence ;  but  with  any  source  of  radia^ 
tioti,  Bueb  AS  the  son  for  instance^  the  thermopile  would  stand  but  a 
cetill  cb^oe  el  finding  any  narrow  breaks  in  its  continuity.    I  need 
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onlj  refer  to  Lamansky's  thermogram  (Fig.  1)  of  the  eolar  spectmin, 
taken  by  a  linear  thermopile,  in  which,  dfter  takiiig  eitraordioftry 
precautionB,  he  fount!  the  existence  of  three  breaks.  The  tbermo' 
pile,  with  its  gal?anomoter,  takes  no  cognizance  of  timej  given  a 
coDfitant  and  steady  flux  of  radiation  striking  it  during  a  eertain 
time,  the  electricMil  current  generated,  which  is  shown  by  the  deflection 
of  the  galvanometer  needle,  remains  conataEt,  md  no  iuerease  of  tinio 
gires  a  greater  deflection*  If  we  could  imagine  a  thcrmopilo  the 
current  generated  hy  which,  by  the  efliui  of  time,  would  proportionally 
increase  the  deflection  of  the  needle,  then  the  most  limited  radtAticm 


striking  the  pile  could  be  measured  and  calculated.  At  present 
there  seems  to  be  no  method  capahlo  of  taking  account  of  time  for 
this  purpose  oicept  photography,  and  until  recently  it  seemed  chi- 
merical to  apply  it.  I  Bhottid  like  to  show  you  how  photography 
takes  cognizance  of  time,  and  also  why  it  seemed  unsuitable  for  in- 
Test  igating  the  dark  rays  below  the  red  end  of  the  spectrum.  I  propoie 
to  photograph  the  spectrum  on  an  ordinary  photographic  compound. 

A  piece  of  paper  has  been  coated  with  silver  brumido,  and  thifl 
compouud,  when  placed  in  the  spectrum,  is  acted  upon  by  the  nltni 
violet,  the  violet  and  the  blue  rays.  If  I  cover  up  ^  of  the  slit  of  tbc 
lantern  and  allow  an  exposure  of  the  paper  to  the  spectrum  of  two 
secondR,  then  with  the  next  J  of  the  slit  an  exposure  of  ten  seconds, 
and  with  the  remaining  ^  give  an  exposure  of  thirty  seconds,  it  will  be 
seen  when  I  develop  the  image  that  the  length  of  the  spectrum  varies, 
and  also  the  darkening  of  the  different  portions.  Thus  the  longeel 
exposure  will  show  the  greatest  intensity  of  action  and  the  greatcfit 
length  of  spectrum.  [Shown.]  This  experiment  serves  a  douhla 
purpose,  for  whilst  itmukes  it  clear  that  photography  takes  oognizanco 
of  time,  yet  it  seemingly  shows  that  it  is  unfitted  for  exploring  the 
infra-rod  region,  since  ordinary  photographic  compounds  are  unacted 
upon  by  them.  Could  a  compound  bo  foimd  which  was  eenmtive  to 
thti  dark  ruys,  it  is  manifest  that  the  battle  would  be  wqh^  a&d  thftl 
investigations  full  of  interest  might  ho  tJio  outcome. 
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Somo  eight  years  ago  I  tried  my  hand  at  the  mattoTj  and  after 
eeveral  years  of  erperimeutitig  it  was  my  good  fortaiie  to  find  a  com- 
poimd  which  was  chomically  at^ted  upon  by  the  dark  radiations, 

I  will  not  weary  you  with  the  various  eiperiments  undertaken ; 
anffice  it  to  «ay  that  silver  bromide  was  selected  as  tho  salt  to  wort 
upon.  My  aim  was  to  prepare  an  emulsion  of  bromide  of  silver  in 
collodion  (an  emulsion  being  ailv&r  bromide  in  a  fine  state  of 
diTislon  euspended  in  collodion)  which  should  transmit  gre^u-blue 
light.    Let  mo  show  you  why. 

The  epectrtim  on  the  screen,  when  unabsorhod  by  any  medinra, 
&how8  every  colonr.  If,  however,  a  piece  of  green  glass  is  inserted 
before  the  slit,  it  ia  seen  at  once  that  the  violet  U  absorbed  and  also  the 
lofw^t  part  of  tho  red.  Infcrentially  it  may  be  supposed  that  the 
infra-red  rays  are  also  absorbed.  Orange  is  the  usual  colour  of  the 
silver  bromide,  and  a  piece  of  orange  glass  placed  in  front  of  the 
Klit  cuts  off  from  the  spectrum  all  the  most  refrangible  part  of 
the  spectrum  and  none  of  the  least  refrangible. 

On  the  principle  of  conservation  of  energy ,  where  radiation  is 
abaortxMl,  there  work  must  bo  done  by  the  absorbing  body  and  show 
Itself  AS  heat  or  chemical  action.  Heat  with  tho  thermopile,  for 
uutenoe^  and  chemical  action  with  the  salt  of  silver.  Thus,  with  the 
onage  bromide  we  should  expect,  as  we  have  already  seen  is  tho 
caiie,  that  tho  violet  and  blue  rays  would  do  work  on  it  whilst  the 
other  rays  would  be  pasf^ive. 

The  green  state  was  attained  after  much  labour.  Tho  colour  of 
this  new  preparation  of  silver  bromide,  and  that  of  the  old,  are  now 
ghown  by  means  of  tho  luntern  on  tho  screen. 

Now  yon  will  see  that  if  the  work  dono  in  the  green  bromide 
was  chemical  dcM»>mpositioD,  tho  problem  waa  solved,  and  that  the 
unknown  might  be  made  to  write  down,  in  hieroglyphioa  perhaps, 
but  still  in  a  maimer  capable  of  being  dooSphered,  its  character  and 
peculiarities, 

I  will  endeavour  to  eiperimontally  illustrate  that  the  green 
eomponiid  is  acted  upon  by  the  dark  rays*  It  wHl  be  in  your  reeol- 
Itx^ion  that  Professor  Graham  Bell's  recently  introduced  photophone 
tfl  in  reality  an  instrument  conainting  of  a  perforated  disc  rotating  iu 
front  of  a  source  of  radiation,  and  by  means  of  a  lens  the  radiant 
energy  ia  focossod  on  the  surface  of  a  selenium  cell,  to  which  a 
tilapliono  is  attached,  and  that  by  this  means  a  mnaical  sound  is  pro* 
dooid  in  the  telephone. 

Profdseor  Bell  showed  that  the  same  effect  was  produced  when  a 
pMM  of  abonite  was  introduced  between  tho  source  of  light  and  the 
■il«idum  eelL  Dr.  Huggins  proposed  to  mo  that  I  should  try  the 
pOBkaability  of  the  ebonite  by  the  dark  rays  j  and  this  was  done,  with 
tiie  mult  that  the  spectrum  was  taken  through  it,  showing  an  im- 
proMioD  on  the  green  bromide  of  tho  dark  rays.  An  image  of  tho 
tncwidosoeiit  carbou  points  of  the  electric  liglit  are  now  formed  on  a 
cf  ebonite,  and  behind  it  is  a  gla^  plate  covered  with  tho 
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bromide ;  an  ezpoBure  of  twenty  seconds  will  suffice  to  impress  the 
image  of  the  points  by  their  dark  rays.  [The  image  was  deyeloped 
and  subsequently  shown.]  It  will  be  seen  that  the  bromide  in  this 
state  is  somewhat  sluggisli  to  respond  to  the  vibrations  of  the  dark 
rays.  I  will  now  make  an  experiment  to  show  how  different  is 
the  behayionr.  of  the  orange  bromide.   Behind  this  rotating  disc, 
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which  is  made  up  of  alternate  transparent  and  opaque  sooIqeBi  is 
a  plate  prepared  with  the  orange  bromide.  A  spark  ^  of  an  inoh 
in  length  from  a  battery  of  Leyden  jars  is  si&oient  to  impieBi 
a  sharp  image  of  the  sectors  on  the  plate  though  they  aie  zapidly 
rotating.   [The  exposure  was  made  to  the  spark  whilst  the  dise 
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w  iolitt&g;  and  developed  before  Ihe  aadieoee  and  snbeeqiiently 
ttefhfiiograph  W9&  shown  J  The  exposure  i&  efitimated  by  Coziii 
ii  H»Vi^jti^  of  a  second.  It  would  require  tweoty  such  sparks  to 
iu|ieii  the  red  end  of  the  spocimm  on  a  pure  bromide  plate.  I 
wild  wish  to  show  yon  one  ntore  remarkable  e^mple  of  the 
Hlun  of  the  dark  raya  oa  the  bine-green  eilvor  bromide.  On  the 
icreeD  we  have  a  slide  showing  certain  opaque  discs  and  triangles. 
Tbey  wete  produced  in  the  following  manner :  A  card  wae  jverf orated 
vith  such  discs  and  ^aDgles^  and  plaoed  I  of  an  inch  above  a  green 
Inomide  plaie ;  above  this  was  suBpanded  a  kettle  of  boiling  water, 
t&d  the  radiation  from  the  kettle  acted  on  tbe  plate  th rough  these 
kikt,  with  the  result  that,  after  considerable  exposure,  an  image 
d  tilt  holes  was  developed  on  the  bromide  below.  This  shows 
Ifaat  tlub  particnlar  form  of  sOver  salt  responds  to  waves  of  very  low 
nfomgibili^. 

The  first  application  of  the  new  compound  was  to  the  solar 
lyeetmm,  and  on  the  screen  we  have  the  first  impression  of  the  infra- 
i«d  region  ever  taken.  On  the  diagram  (  Fig-  2)  there  are  bands  0  and 
drawn  which  do  not  appear  in  the  photograph ;  only  on  two  occasions 
they  been  impressed,  for  reasons  whicli  will  be  eiqjlainetl.  To 
ifev  JOQ  how  far  onr  knowledge  of  this  region  is  extended,  a 
l&olograph  is  shown  on  the  screen  of  the  spectrum  obtained  photo- 
pmphically  by  Draper*^  which  he  obtained  by  indirect  means. 

Fio-  3. 


H  hca  a  grating  of  large  dispersion  replaces  the  primu,  the  baudft 
m  broken  np  into  lines  j  and  very  beautiful  lines  they  are  in  some 
<MBa,  From  Evoh  photographs  a  wave-length  map  was  made* 
pfcMwj  Xhe  line  of  greatest  wave-length  ijupreg«ed  in  the  spoo^ 
Mb  is  i3,0d0.  Now  the  vi^^ible  part  of  the  spt^ctrum  extends  from 
to  X  7600 ;  thus  the  invimble  speetrum,  as  ]ihutographcd,  if» 
ft§  9m€9  longer  tiian  the  visible  gpeetrum. 

§m  Ilia  Tiaible  portion  of  the  solar  spectrum,  mest  of  the  lines 
|«f9  bMQ  traced  to  the  abs^vrptioD  of  diftui^ut  metullic  or  other 
ii|nm  #ii«tent  in  the  solar  or  our  own  atmosplierc.  The  cause  of 
1^  iterptlona  in  the  invisible  part  of  the  Rpectrum  arc  as  yet 
^If^ttpj^^  exisept  in  one  or  two  instancGs  to  which  I  hIiaU  have  to 
itUe  pcvmntly.  With  the  exception  of  siHliiun  titul  calcinin,  no 
viimic  vapodff*  seem  to  have  what  would  be  bright  lincH,  wore 
ftgy  Ti«ililo»  in  ^«  iufia-rod  |kortion  of  the  8i>ectrum ;  hence  wo  ar© 
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almost  bound  to  suppose  that  absorption  lines  in  this  region  are 
really  due  to  compound  bodies  of  some  description.  Knowing  the 
results  that  Professor  Tyndall  had  got  with  the  hydrocarbon  and 
other  yapours  and  liquids  in  the  infra-red  region  by  thermopile 
integration,  Colonel  Festing  and  myself  determined  to  see  if  we  could 
disintegrate  Professor  Tyndall*s  integrations,  and  locate  in  the  in- 
visible spectrum  the  absorptions  which  he  had  noted. 

We  commenced  with  water,  and  were  delighted  to  find  that  water 
gave  a  yery  definite  spectrum ;  and  I  propose  to  show  the  method 
adopted  for  this  research.  In  front  of  the  slit  of  the  spectroscope, 
which  has  three  prisms,  was  placed  a  tube  of  water  or  other  liquid,  in 
some  cases  of  the  length  of  two  feet,  but  more  generally  of  six  inches. 
The  crater  or  bright  luminous  patch  from  the  positive  pole  of  the 
electric  light  was  projected  on  the  slit,  the  rays  having  to  traverse 
the  liquid.  The  image  of  the  spectrum  was  then  received  on  a 
sensitive  plate.  In  this  manner  I  propose  to  take  the  spectrum  of 
a  two-foot  length  of  water.  [The  photograph  was  taken  and  subse- 
quently shown  on  the  screen.]  Before  proceeding  further,  I  will 
again  show  you  the  superior  sensitiveness  of  the  orange  form  of 
bromide  for  blue  rays  over  the  green  bromide  for  the  dark  rays.  The 
same  length  of  spark  as  before  shall  be  used,  and  the  light  from  it 
projected  by  means  of  a  lens  through  a  couple  of  prisms,  and  the 
image  be  focussed  on  an  orange  bromide  film.  The  spark  passes, 
and  the  most  refrangible  end  of  the  spectrum  will  be  found  to  bo 
impressed.  [The  photograph  was  developed  before  the  audience, 
and  at  the  close  of  the  lecture  thrown  upon  the  screen.]  Our  next 
attempts  were  with  alcohol  and  ether,  and  in  these  we  got  many 
definite  absorptions,  some  lined  and  some  banded,  the  bands  being 
more  or  less  shaded.  On  trying  ethyl  iodide,  however,  we  came 
upon  a  spectrum  which  was  composed  of  fine  lines  and  bands  with 
comparatively  sharp  edges,  difiering  in  this  respect  from  the  two 
former  spectra.  The  difiference  in  composition  between  alcohol  and 
ethyl  iodide  is  shown  in  the  following  diagram. 


Alcohol.  Ethyl  iodide. 

H  H 

H— A— H  H-i— H 


The  prime  difference  is  the  presence  of  oxygen  in  the  one  and  its 
absence  in  the  other.  We  next  tried  methyl  iodide,  and  got  a 
simpler  form  of  spectrum  than  the  ethyl  iodide.    It  now  struck  us 
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iliftt  if  wo  eonld  dimioislt  tlio  hydrngeo  we  might  have  somethiog 
AgftiB  different. 

Methyl  iidide. 
H 

I 

H— C— H 
I 

I 

We  Uiereforo  tried  cbloroformj  and  much  to  our  Eurprise  all  the 
brojiil  bfiiids  had  vaniabed,  and  we  had  a  liuear  spectrum.  What 
would  happen  if  we  removed  the  last  hydrogen  ?  In  carbon  totra- 
chloride  the  laBt  bjdrogen  ib  romoved,  tmd  we  got  no  absorption 
■pectrum  at  all ;  indicating  that  hydrogen  had  a  mo^t  impgrtant 
bearing  on  the  absorptions.  Carbon  disulphide  and  cjanogeu  gavo 
us  the  same  r^eulte.  On  the  other  hand,  when  we  spectroscoped  hytlro- 
chloric  acid  we  had  a  linear  apeetrum,  we  had  with  ammonia, 
m^phnric  aciil,  and  nitric  acid.  Even  water  waa  found  not  to  bo  free 
from  lines,  as  the  boimdarj  of  each  band  was  a  lino.  I  think,  then, 
that  thiB  eatisfactoiily  eettlee  the  point  that  hydrogen  gives  the 
iJiitiatiTe  toaU  the  special  absorptions  we  noticed.  Tho  introduction 
of  oxygen  gives  shaded  bands  ;  but  on  measurement  it  was  found  that 
shades  were  made  «p  of  step  by  stop  absorption  a  between  two  or  more 
positions  of  hydrogen  Unes.  Again,  what  is  colled  tho  radical  of  each 
group  of  compounds  was  found  to  have  a  definite  absorption  in  a 
definite  locality;  henoo  this  spcctroBcopio  method  became  a  moans  of 
qnaiitatiTely  determining  the  composition  of  an  unknown  compound 
and  its  molecular  structure.  I  would  point  out  also  how  the  absorp- 
tidifl  found  by  the  photographic  method  go  hand  in  hand  with  those 
foniid  by  Professor  Tyndall,  In  tlie  anneied  table  we  have  the  value 
of  tho  absorption*  found  by  him,  and  following  the  absorption  spectra 
of  ibe  same  bodiea  through  six  inches  of  liq[aid.  The  coincidence  is 
mnArkable  and  worthy  of  attention. 


(Aw^Tf  <?/  Hmt  ft  Phtifium  Spiral  raited  to  Brifjht  li«ltUfS9  by  a  Voiiaic  Cun^ffnt.} 


ThJduKMK  Ln  P«rU  of  m  tadb. 

Oubon  dimtlphfdo 

Ethyl  iodide   

Amvteno 

5*5 
16  rj 
56- 1 
38  2 
43  4 
58  3 
63-3 
67-3 
80-7 

17'S 
44*8 
08^6 
71-5 
73*6 
82*3 

S9'l 
91-0 

Chlorofonn.  Cwbon  tetrachlortd©. 
H  CI 

ci-(i— CI        ci— c-ci 
I  I 

CI  Cl 


Caplatn  W,  de  W,  Ahneif 


Tour  flttontion  should  be  drawn  more  especially  to  the  water 
flpectrum,  in  which  it  will  be  Been  what  a  large  proportiou  of  the 
infra  red  is  cut  off  by  even  a  amaU  thicknesa.  AqueouB  vapour 
absorbs  in  the  same  locality  as  the  water;  hence  you  will  s&q 
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how  it  is  that  I  have  photographed  the  bauds  ^  and  ip  in  the  fiular 
Bpectrum  but  seldom  (see  Fig,  2),  When  they  were  imprcesod  a  very 
dry  and  biting  north-e^et  wind  wae  blowing,  which  enabled  this  part 
of  the  8|jectruni  to  find  its  way  throagh  our  atmosphere. 

On  corapariDg  the  eolar  epeetrimi  with  the  absorption  f!i>ectra  of 
the  above  or^nic  bodies,  we  found  that  the  pHncipal  Hqcs  of  tho 
benzine  and  ethyl  series  found  a  place  in  the  8olai>  abi>orptionii ;  and 
for  reasons  which  I  ha?o  ntit  time  to  enter  into  now,  wo  were  induced 
to  Iticate  theflo  bodies  outside  onr  atlno^5phcrc.    lu  what  part  of  i^paco 
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tliey  exist  is  a  moot  point,  but  tliere  is  no  doutt  that  they  are  Bome- 
whare  present  in  it  That  alcobQl  is  to  be  found  in  the  sun  would 
be  perbapfl  to  stretch  a  poiDt  too  far ;  and  it  would  be  unwise  to  wish 
to  find  it  there,  aa  it  might  roofla  the  animoBitj  of  a  sinaU  Bection 
of  the  community  against  this  branch  of  epectnim  analysis.  The 
ingredients  to  make  it  are  there,  however,  without  any  doubt. 

In  regard  to  these  same  dags  of  E^peetra  it  is  iuteresting  to  find 
that  there  Ib  a  marked  difierenee  in  bodies  containing  the  same 
relatiTe  proportions  of  carbon,  hydrogen,  and  oxygen,  but  molecular ly 
diff&r^t.   Take  for  example  aldehyde  and  par^dohyde  (Fig.  5).  A 

molecule  of  the  latter  con  lain  a  thr*>e  nsolocules  of  the  former,  and  we 
aee  that  their  spectra  differ  materially.  If  such  be  the  case  in  orgaoio 
oompounds,  we  may  surely  expect  to  find  the  Bame  difference  in  the 
metra  of  the  elements,  if  there  is  a  different  molecular  grouping  of 
mm  at  different  temperatures.  Whether  the  changes  in  metallio 
spectra  are  duo  to  this  cause  has  still  to  be  proved,  though  it  secma 
probable  that  it  may  be  eo. 

The  latest  point  in  our  research  in  this  subject  which  will  bo  of 
interest  to  chemistfi  appears  to  be  the  poB«iibility  of  distinguishing 
between  para-  and  ortho-orgaoic  compounds,  Onr  experiments  so 
far  demonstrate  that  this  can  be  done.  If  on  further  research  it 
piroTe  to  be  the  ease,  this  branch  of  spectrum  analysis  would  bo 
worthy  of  study  by  chemifita  for  this  reason  alone. 

[W.  de  W.  AO 


Fro/emir  W,  E.  Action 
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WEEKLY  EVENING  MEETING, 

Fridftf ,  March  1882. 

Wa&h^  Djs  La  Rue,  Esq,  M.A,  D.C.L,  F.E.S,  Vice-Prefiident, 
iu  tlie  Chair. 

Pbofesbob  W.  E.  Ayeton,  F.II.S. 

Electric  Mailwatff. 

We  have  grown  bo  accustomed  to  the  ragnlajr  aimouncement — 
"Berious  accident  on  each  and  such  a  raOwaj,  several  paeeengers 
injured  " — that  we  have  almoBi  come  to  regard  railway  accidents  as 
inevitable,  just  as  parents  miBtakingly  think  the  measles  and  whooping 
cough  necoBsary  accompaniments  of  childhood.  But  speed  no  more 
means  disaster  than  a  den  eel j  crowded  city  mcami  disease.  The  £rst 
effect  of  oi?erorowding  is  undoubtedly  to  produce  fever  and  other 
com  plaints.  If,  howcyer,  the  knowledge  and  practice  of  the  laws  of 
hygiene  increase  more  rapirlly  than  the  population  of  a  town,  the 
death  rate,  as  we  have  seen,  diminishes,  instead  of  augmenting.  And 
60  it  is  with  locomotion ;  the  stage-coach  journeys  of  our  ancestors 
were  slow  enough  for  the  most  atauuoh  coneerrative,  and  yet  the  per* 
oeutage  of  the  passengers  injured  on  their  journeys  far  greater 
than  oven  now  with  our  hamm'Scarum  railway  travelling.  The 
number  of  passengers  has  increased  enormously p  but  the  safety  haa 
increased  in  an  even  greater  rate.  If  then  we  can  devise  methoda 
introducing  still  greater  secnrity,  a  far  larger  number  of  passengers 
may  travel  at  A  far  greater  speed  and  with  less  fear  of  danger  than 
At  present. 

Accidents  constitute  one  charge  against  railway  conveyance,  but 
there  is  another,  and  that  is  the  cost*  Cheap  as  railway  travelling 
now  is,  compared  with  the  departed  stage-coach  locomotion,  the  price 
of  the  tickets  is  still  far  too  high  for  railways  to  fulfil,  even  in  a 
BmaU  degree,  one  of  their  most  important  functions,  and  that  is  trans* 
porting  labourers  from  parts  of  the  country  where  labour  is  scarce^  to 
others  vvhere  it  is  abundant  and  labourers  in  demand. 

But  how  is  a  happier  state  of  things  to  bo  realised  ?  We  canijet 
expect  the  railway  companies  to  lower  their  faros  merely  to  benefit 
humanity.  If,  howover,  wo  can  prove  to  them  that  the  present  system 
of  railways  is  neither  the  most  remtmerative  to  themselvea  nor  the 
most  bonefieial  to  the  community  at  large,  we  may  hope  to  win  the 
attention  of  railway  directors,  whose  stock  question  is,  and  quite 
rightly,  "Will  it  pay?" 

Those  of  you  who  have  read  the  life  of  Stephenson  know  what  a 
protracted  fight  he  had  to  carry  one  of  his  most  cherished  ideas,  and 
that  was  tho  employment  of  a  locomotiTe  engine  to  draw  the  train, 
instead  of  a  stationary  ongino  to  pull  it  with  ropes  or  chains,  Hia 
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ftdvemries  saw  Uie  diBadTftntage  of  addrng  the  weight  of  the  loco* 
XDotiYO  to  the  wdgbt  of  the  train,  whereas  Stephenson  waa  especially 
struck  with  the  enormous  waeto  of  power  io  the  friction  of  ropes  or 
obains  passitig  over  pulleys*  [Ejtperiments  were  then  showB  proving^ 
fawtf  that  the  mam  of  the  locomotire  necessitated  the  engine  having  a 
gr«at«x  horse-power  to  get  up  the  speed  of  tlie  train  quickly  m  well 
as  a  greater  horse-power  to  keep  up  the  speed  ;  secondlif,  tbat  the 
friotion  and  wear  and  tear  of  ropes,  such  as  were  employed  on  the 
London  and  Bliickwall  EaUway,  would  ha.ro  beon  nu  insuperable 
hindrance  to  the  development  of  railwayB.]  From  this  was  deduced 
that,  since  in  Stephenson's  day  the  only  feasible  mode  of  communi* 
eating  the  power  of  a  stationary  engine  to  a  moving  train  was  by 
means  of  ropes,  his  decifiSon  to  adopt  the  locomotive  was  perfectly 
«Orrect  at  the  time  it  was  made. 

Attempts  hare  been  made  to  propel  trains  by  blowing  them 
yirough  tubes,  or  by  blowing  a  pistou  attached  to  the  train  through  a 
lube,  bat  such  attempts  at  pneumatic  railways  have  nearly  all  been 
almidoned*  The  eroployinent  of  air  compressed  into  a  reoeiTer  on  the 
taiili  by  fixed  pumping  engines  stationed  at  various  points  along  the 
lina,  and  employed  to  work  compr^^eged  air  engines  on  the  carriages 
haa  been  ejected  with  considerahle  success  by  Colonel  Beaumont, 
Mipeoiallj  for  tram-Lines.    The  weight  of  the  comprcBsed  air  engine 
iii  bowever,  still  very  considerable*    Any  system  of  pumping  water 
through  a  pipe  and  employing  the  water  to  work  a  hydraulic  engine 
on  the  train  is  hardly  worth  considering,  seeing  that  the  mechanical 
difficulties  of  keeping  up  a  continuous  connection  between  the  moving 
tfain  and  the  main  through  which  the  water  is  ptuii])ed  seems  in- 
i     iBpOiable.    Gas-engines  worked  with  ordinary  coal  gas,  stored  perhaps 
[     muier  pressure,  might  he  employed  on  the  moving  train,  but  the 
ativantage  ariaing  from  the  absence  of  boiler  and  coal  would  be  more 
than  oompensated  for  by  the  fact,  that  the  weight  of  a  gas-engine  per 
I     Imm-power  developed  is  so  much  greater  than  that  of  a  fiteam-engine. 
j     Hone  of  these  systems,  then,  of  dispensing  with  a  locomotive  is  by  any 
'     sicans  perfect,  and  the  succefis  of  the  recent  experiments  on  the 
eloctric  transmisaion  of  power  baa  turned  the  attention  of  engineers 
to  the  consideration,  whether  electricity  could  not  successfully  supplant 
staam  for  the  propubiou  of  trains  and  tram-care ;  whether  it  could 
!     noi)  ia  Hict,  supply  on  efficient  means  of  transmitting  power,  the 
I     ftbaeoce  of  which  caused  8tephensou  to  abandon  ropes  in  favour  of  a 
I     hmrw  locomotive  engine. 

The  whole  queatioD,  Uko  every  similar  one,  is  mainly  a  question  of 
expense;  and  what  we  have  to  consider  is,  whether  electric  trana- 
miaaion  on  the  whole  leads  to  greater  economy  than  <^n  possibly  be 
obtained  by  the  employment  of  any  kind  of  locomotive.  The  average 
weight  of  a  locomotive  is  about  that  of  six  carriages  full  of  people  ; 
t«ii  cafriagea  compose  an  ordinary  train,  hence  the  presence  of  the 
mui  of  the  looomotivo  adds  at  least  50  per  cent,  to  the  horse-power 
altfollltflljr  mommrj  to  propel  the  carriages  alonoj  and  therefore  at 
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Icafit  50  per  C6iit>  to  tlie  amount  of  coal  burnod.  Bat  there  is  another 
moBt  Berious  objection  to  the  ougiDes,  porbaps  even  more  importact 
than  tho  procetling.  The  heavy  engine  passing  over  eyery  part  of  the 
line  necesaitatoB  the  whole  line  md  all  the  britlgeB  being  made  many 
times  &8  strong,  aud  therefore  many  timeB  as  coBily,  and  the  expeu&e 
of  maintenance  consequently  aleo  far  greater,  than  if  there  were  no 
locomotive.  And  it  is  not  possible  to  make  the  engine  much  lighter ; 
for  it  would  not  have  then  Bufficient  adhesion  with  the  rails  to  he  able 
to  draw  the  train  ;  in  fact,  you  cannot  dtminiah  the  weight  as  long  aa 
the  train  is  propelled  with  only  one  or  two  pair  of  driving  wheels  as 
at  presents  The  employment  of  electricity,  howeverj  will  enable  a  train 
to  be  driven  with  every  pair  of  wheela,  just  as  the  employment  of 
compresaed  air  enables  every  pair  of  wheels  to  brake  the  troin. 

To  propel  a  train  we  must  either  utilise  the  energy  of  coal  by 
hnming  it,  or  use  the  energy  possessed  by  a  mountain  stream,  or  the 
energy  stored  up  in  cheuncals,  and  which  is  given  out  when  the 
chemicals  aro  allowed  to  combine,  or  we  must  employ  the  energy  of 
the  wind.  Practically  wo  employ  at  present  only  the  first  stor©  for 
propelling  railway  trains — the  potential  energy  of  coal ;  and  that  is 
to  a  great  extent  the  sture  on  which  we  shall  BtiU  draw^  even  when 
we  employ  Electric  Eailwaja,  For  e^iperience  shows  that,  with  the 
modern  steam-engine  and  dynamo,  at  least  one-twentieth  of  the  energy 
in  coal  can  be  converted  into  electric  energy ;  and  that  this  is  at  least 
twenty  times  as  economical  m  the  direct  conversion  of  the  energy  of 
zinc  into  electric  energy  by  burning  it  in  a  galvanic  battery. 

But  it  may  be  asked,  did  not  Faraday's  discovery,  in  1831,  that  a 
corront  could  be  produced  by  the  relative  motion  of  a  magnet  and  a 
coil  of  wire,  eottle  this  point  half  a  century  ago?  Theoretically — 
yes ;  practically,  however,  the  problem  was  very  far  from  being  solved, 
because  the  dynamo  machine  waa  very  nnsatisfaotoryj  and  it  waa  not 
until  Pacinotti,  in  1860,  suggested  the  solution  of  the  problem  of 
obtaining  a  practically  continuous  current  from  a  nmnber  of  inter- 
mittent currents » and  until  Gramme,  about  1870,  carried  out  Pacinotti'e 
suggestion  in  the  actual  ooustrnction  of  largo  working  machines,  that 
the  mechanical  production  of  currents  became  commercially  possible. 
[Eiperiments  were  then  shown  illustrating  the  complete  electric  trane- 
nussion  of  power,  a  gas-engine  on  the  platform  giving  rapid  motion 
to  a  magneto-electric  macbinej  and  the  current  thereby  produced  sent 
through  an  olcctro-motor  at  the  other  end  of  the  room,  which  worked 
an  ordinary  lathe,] 

In  electric  transmission  of  power  there  is  not  oaly  waste  of  power 
from  mechanical  friction,  but  also  from  electric  friction  arising  from 
the  electric  current  heating  tho  wire,  through  which  it  passed. 

It  wa6  then  explained  and  demonstrated  experimentally  that  this 
latter  waste  could  bo  made  extremely  small  by  placing  so  light  a 
load  on  the  electro-motor,  that  it  ran  nearly  as  fast  as  the  generator  or 
dynamo,  which  converted  the  mechanical  energy  into  electric  energy ; 
actual  experiments  leading  to  the  result  that  for  every  foot-pound  of 
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work  done  bj  ttie  ete^-engine  on  the  generator,  quite  i^  of  a  foot- 
pound of  work  can  be  dune  bj  tbe  diEtant  motor. 

One  reason  why  electric  transEiission  of  power  can  be  e^feetect  with 
so  little  waste  is  l>e<?a.nso  electricity  has  apparently  no  mass,  aod  con- 
■eqnently  no  inertia  ■  there  ifij  thertfore,  no  waate  of  power  in  makiDg 
il  go  roond  a  comer,  as  there  is  with  water  or  with  any  kind  of 
material  fluid.  Another  reason  why  electro-motors  are  so  valuable  for 
traTelling  machinery  i&  on  account  of  the  light  weight  of  the  motor. 
Experiment  shews,  that  one  horse-power  can  be  developed  per  50  lbs* 
of  dend  weight  of  ekclro-motor ;  a  result  immensely  more  faTourahlo 
thmi  can  be  obtained  with  steam,  gas,  or  compreesod-air  ongiDos, 

In  addition  to  the  loss  of  power  arising  from  the  heating  of  the 
wirea  by  the  papBage  of  the  current,  there  is  another  kind  of  loss  that 
ma  J  be  most  aerious  in  the  cae«  of  a  long  electric  rail  wo j,  viz.  that 
arising  from  actual  leakage  of  the  electricity  due  to  defective  iusulatioD. 
To  send  an  electric  current  through  adistant  motor,  two  wires,  a  "  going  " 
and  "  return  "  wire  must  be  emplojod,  insulated  from  one  another  hy 
talk,  guttapercha,  or  some  insulating  substance  ;  and  if  the  motor  be 
on  ^  moving  train,  there  mnst  be  some  means  of  keeping  up  continuous 
connection  between  the  two  ends  of  the  moving  eloctro-motor  and  tho 
going  and  return  wire.  The  simplest  plan  is  to  use  the  two  rails  as 
lti#  two  wires,  and  make  connection  with  the  motor  through  the 
vlitela  of  the  train ;  those  on  ono  side  being  well  insulated  from 
fliOt0  of  tbe  other,  otherwise  the  current  would  pass  through  the 
txlfii  of  the  wheels,  instead  of  through  the  motor*  It  is  this  simple 
plan  that  is  employed  in  Siemens'  Lichterfelde  Electric  Bail  way,  now 
running  at  Berlin  ;  the  insulation  arising  from  the  rails  being  merely 
laid  on  wooden  Bleepers  having  been  found  sufficient  for  the  short 
length,  IJ  mile.  The  car  is  similar  to  an  ordinary  tram-car,  and 
holds  twenty  passengers.  [Photographs  were  then  projected  on  the 
Mreen  of  this  and  of  the  original  electric  railway  laid  by  Siemens  in 
tbe  groundfl  of  the  Berlin  Exhibition  of  1B79,  and  exhibited  in  1381 
at  the  Crystal  Faloco,  Sydenham.]  It  was  explained,  tbat  on  this 
latter  railway,  which  was  900  yard*  long,  both  the  OHlinary  rails  wero 
m«d  m  the  retnm  wire,  and  that  the  going  wire  was  a  third  insulated 
rail  nibbed  by  the  passing  train.  [Photographs  wore  then  projected 
oo  tfa«  acreen  of  Siemens'  electric  tram-car  at  Paris,  used  to  carry  fifty 
mmmgm  backwards  and  forwards  last  year  to  the  Electrical 
Exhibition,]  In  this  the  going  and  return  wires  were  overhead 
and  inMntated,  coDnection  being  maintained  betwocD  them  and 
the  moving  car  by  two  light  wires  attached  to  tlio  car,  and  which 
pulled  along  two  little  carriages  running  on  the  overhead  in- 
Mlated  wires,  and  making  electric  contact  with  them.  [Eiperl- 
noite  followed,  proving  that  although  two  bare  wires  lying 
OB  tbe  ground  could  be  quite  efficiently  employed  as  the  going  and 
liliuu  wij^,  if  the  wires  were  short  and  the  ground  dry,  the  leakage 
that  ooenrred  if  the  vtirm  ware  long  and  tho  ground  moist  was  so 
grmt,  m  to  more  than  oompenfttto  for  the  abeenoe  of  the  locomotive.) 
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CoDseqtiently  ProfcBior  Perry  md  mjself  h&we  for  aomo  time  paet 
been  working  out  pfootical  means  for  oYorooming  these  difficulties, 
and  we  have  arrived  at  what  we  hope  is  au  extremely  flatisfactorj 
solution.  Instead  of  supplying  electricity  to  one  very  long,  not  very 
well  insulated  rail,  w©  lay  by  the  side  of  our  railway  line  a  well- 
insDlated  cable,  which  conveya  the  main  cnrrent.  The  rail,  which  is 
ruhbod  by  the  moving  train,  and  which  supplies  it  with  electric 
energy,  we  subdivide  into  a  number  of  seetiouSj  each  fairly  well  in- 
sulated from  its  neighbour  and  from  the  ground  ;  and  we  arrange  that 
at  any  momcmt  only  that  g<ect]on  or  sections,  which  is  in  the  imm&diatd 
noighbourhood  of  the  train,  is  connected  with  the  main  cable ;  the 
connection  being  of  coure©  made  automaticftlly  with  iJie  moving  train. 
Ab  then  leakage  to  the  earth  of  the  strong  propelling  electric  current 
can  only  take  place  from  that  section  or  eectiouB  of  the  rail,  which  is 
in  the  immediate  neighbourhood  of  the  train^  the  loss  of  power 
by  leakage  ia  very  much  less  than  in  the  case  of  a  single  imper- 
fectly insulated  rail  sneb  as  has  been  hitherto  employed,  and  which 
being  of  great  length,  with  ita  correspondingly  large  number  of  pointa 
of  support,  would  offer  endless  points  of  escajte  to  the  motive  current 
Dr.  Siemens  hiva  experimentally  demonstrated  that  an  elcctrio 
railway  con  ho  UBod  for  a  mile  or  two ;  Profeesor  Perry  and  myself, 
by  keeping  in  mind  the  two  esaontials  of  succesa,  viz.  attention  to 
both  the  mechanical  and  electrical  details,  have^  we  venture  to  think, 
devised  means  for  reducing  the  leakage  on  the  longest  railway  to  less 
than  what  it  would  be  on  the  (shortest* 

For  the  purpose  of  automatically  making  connection  between  the 
main  well-in&nlated  cable  and  tho  rubbed  rail  in  the  neigh Iwurhood 
of  the  moving  train  we  have  dovised  various  means,  one  of  which  ia 
seen  from  the  following  figure. 

A  B  is  a  copper  or  other  metallic  rod  resting  on  the  top  of  and 
fastened  to  a  corrugated  tempered  steel  disc  D  B  (of  the  nature  of,  but 
of  course  immensely  stronger  tljan  the  corrugated  top  of  the  vacuum 
box  of  an  aneroid  barometer),  and  which  is  carried  by  and  fastened  to  a 
thick  ring  E  E  made  of  ebonite  or  other  insulating  material.  The  I 
ebonite  ring  is  itself  screwed  to  the  circular  cast-inm  box,  which  latter 
ia  fastened  to  the  ordinary  railway  sleepers.  The  auxiliary  roil  A  B 
and  the  corrugated  steel  discs  D  D  have  enfGcient  flexibility  that  two 
or  more  of  the  latter  arc  simultaueously  depressed  by  an  insulated 
collecting  brush  or  roller  carried  by  one  or  by  all  of  the  carriages. 
Depressing  any  of  the  corrugated  steel  discs  brings  the  stud  F,  which 
is  electrically  connected  with  the  rod  A  B,  into  contact  with  the 
stud  G  electrically  connected  with  the  well-insulated  cable. 

As  only  a  short  piece  of  the  auxiliary  rail  A  B  is  at  any  moment 
in  eontiection  with  the  main  cable,  the  insulation  of  the  cbonito  ring 
E  E  will  be  sufficient  oven  in  wet  weather,  and  tiie  cast-iron  box  is 
sufficiently  high  that  the  flooding  of  tho  line  or  the  deposit  of 
snow  does  not  affect  tho  insulation.  The  insulation,  however,  of  G, 
which  is  permanently  in  connection  with  the  main  cable,  must  be  far  J 
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Mter.  For  this  purpose  wo  lead  tlie  guttapercha,  or  mdiambber, 
oowered  wire  coming  from  £bo  main  cable  Uirough  the  centre  of  a 
«p6CiiU]j  fonued  telegraph  inEuIator,  and  cause  it  to  adhere  to  the 
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iimide  of  the  earthenware  tube  forming  the  stalk.  And  as,  in  addition, 
tBe  inmde  of  each  contact  box  m  dr^,  a  TOry  perfect  insulation  is 
nuuntttitied  for  the  lead  coming  from  the  main  cable.  ConBequeutlj 
*il  leakage  ia  eLuuiBated  except  in  the  immediate  neigbbourhood 


of  tbo  train,  this  syRtem  can  bo  employed  for  the  vory  longest  electric 
nil  ways.  Fig.  2  shows  a  modification  of  the  contact  boi  when  tho 
iBnlftt#d  rail  ioelead  of  &xtondmg  »11  aktig  tho  Kne  is  <^aito  short 
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uid  w  carried  by  tbe  train,  and  hy  its  motion  pressiiB  forwards  and 
downwardfl  &  metaUio  fork  on  the  cootftct  b6i,  thus  making  contact 
between  F  and  G.  [Other  dingrftms  were  explained,  illuetrating 
modifications  of  the  contact  bosesj  in  one  case  tbe  well-ins^ilated 
cable  is  carried  inside  the  flexible  rail,  which  then  takes  the  form  of 
a  tabe,  shown  in  Fig«  3,  in  another  case  the  cable  in  insulated  with 
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kftraffin  oil  instead  of  with  guttapercha  or  indianibber,  shown  in 
%  4,  dtcc] 

Tho  exititenco  of  these  contact  boxes  at  every  20  to  50  feet  also 
enables  the  train  to  graphically  record  ita  positioa  at  any  moment  on 
a  map  hangtiig  up  at  the  terminus,  or  in  a  signal-box  or  elsewhere,  by  a 
ahadow  which  creeps  along  the  map  of  the  line  as  the  train  adTaoces  ; 


stops  wlien  the  train  stops ;  atid  backs  when  the  train  backs-  This  is 
effected  thus; — as  the  train  passes  along,  not  only  is  the  main  contact 
betweeit  F  and  G  automatically  made,  as  already  described,  but  an 
auxiliary  contact  is  also  completed  by  tho  depression  of  tho  lid  of  the 
contact  boi,  and  which  has  the  effuct  of  putting,  at  each  contact  box 
in  Buccosaion,  an  earth  fault  on  an  insulated  thin  auxiliary  wire  run- 
ning by  the  side  of  the  line*  And  just  as  the  position  of  an  earth  fanlt 
can  be  accurately  determined  by  electrical  testing  at  the  end  of  the 
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line,  io  we  arrange  tliat  the  moving  position  of  the  eartli  faulty  that  is 
the  position  of  tlie  train  itself,  is  autoinaticftHj  recorded  by  the  pointer 
of  a  galvanorncrtor  moving  behind  a  acreen  or  map^  in  which  is  cnt  out 
a  alii  representing  by  it*  shape  and  length  the  section  of  the  line  on 
which  the  traiu  as  shown  in  Fig.  5.  In  additi<in,  then,  to  the 
Bmall  sections  of  20  feet  or  mere  into  which  our  auxiliary  rubbed  rail 
ia  decfcrically  divided,  there  wotUd  be  certain  loBg  blocked  sections 
one  mile  or  eoverul  miles  in  length,  for  ench  fif  which  on  the  map  a 
separate  galTanoineter  and  pointer  would  be  provided.  [Experiments 
were  abown  of  the  Byatem  of  graph icnlly  automatically  recording  the 
progress  of  a  train,] 

Fifl.  5, 


'  In  the  preceding  Byfitems  there  are  General  contitct-boxeB  in  each 
■eetien  of  the  insulated  rubbed  rail,  and  several  sections  of  the 
ineiilated  rail  iu  each  section  of  the  line  blocked,  but  in  the  no%t 
Bystem  the  rubbed  rail  is  Bimply  divided  electrically  into  long  sections 
««eh  of  as  great  a  length  as  the  particular  sygtem  employed  to  insulate 
the  rubbed  rail  will  allow.  In  this  ca^o  we  arrange  that  the  electric 
connection  between  the  main  cable  and  the  rubbed  conductor  shall  be 
antomatically  mode  by  the  train  aa  it  enters  a  Beotion,  and  ftutomatic- 
*Uy  broken  m  the  train  leaves  a  section.  The  model  before  you, 
Ipiiown  in  the  accompanytng  figure,  is  divided  into  four  eectiens,  each 
pboni  11  feet  in  length,  and  you  see  &om  the  current  detectors  that 
■0  the  train  runs  either  way  it  pnta  current  into  the  section  just 
■Die red,  and  takes  ofiT  current  from  the  section  just  left 
a  [Experimenta  were  then  shown  of  the  ease  with  which  an  electric 
kuB  could  be  made  to  hack  instead  of  going  forwards,  by  reversing 
Mi  eonneotions  between  the  revolving  armatures  and  the  fixed  electro- 
^ignata  of  the  motor ;  also  that  the  accidental  reversal  of  the  field 
Mgnotii  of  the  main  stationary  generator,  altliough  it  had  the  eSc^ct 
df  nrrcraing  the  main  currtsnt,  produced  no  change  in  the  direction  of 
notion  of  an  electric  engine,  the  direction  of  motlim  being  anlely 
under  the  control  of  the  driver*] 


Bat  more  than  this^  ttot  only  does  the  train  take  off  current  from 
the  eectioa  1  wlien  it  is  just  leering  it,  atid  entering  section  2,  but  no 
following  trmn  entering  se<^ioii  1  can  receive  current  or  motive  power 
until  tlie  preceding  train  has  entered  section  3.  ^Experim&ntd  wero 
then  shown  proving  that  with  this  system  a  following  train  oonld  not 
possibly  nm  into  a  precoding  tram  even  if  tho  preceding  train  stopped 
or  backed,]  Now  why  does  the  following  train  when  it  runs  on  to  a 
blocked  section  pull  np  go  quickly  ?  The  reason  is  becaneo  it  £b  not 
only  deprived  of  all  motive  power,  but  is  powerfully  braked,  since 
when  electricity  is  cut  oS  from  a  Bcction  the  insulated  and  non- 
insulatod  rail  of  that  section  are  automaticsally  connected  together,  so 
that  when  the  train  runs  on  to  a  blocked  Boction  the  eloctro-motor 
becomes  a  generator  short  circuited  on  iteelf,  producing,  therefore,  a 
powerful  current  which  rapidly  pulla  up  the  engine.  [Experiments 
were  then  shown  of  the  speed  with  which  an  electro-motor,  which  had 
been  sot  in  rapid  rotation  and  then  deprived  of  its  motive  current, 
puUed  up  when  its  two  terminals  were  short  circuited.] 

Whenever,  then,  a  train^  it  may  he  even  a  runaway  engine,  enters 
on  a  blocked  section,  not  oiJy  is  all  motive  power  withdrawn  from  it, 
but  it  18  automatically  powerfully  braked,  quite  independently  of  the 
action  of  the  engine-driver,  guard,  or  signalman.  No  fog,  nor  oolour- 
blindnes^^,  nor  difibrcnt  codes  of  signals  on  different  lines,  nor  mistakes 
arising  from  the  exhausted  nervous  condition  of  overworked  signE^- 
mon,  can  with  this  eyatem  produce  a  collision.  The  English  system 
of  blocking  is  merely  giving  an  order  to  stop  a  train ;  but  whether 
this  is  understood  or  intelligently  carried  out  is  only  sottlod  by  the 
happening  or  non-happening  of  a  subsequent  collision.  Oar  Absolute 
Automatic  Block  acts  as  if  tho  steam  wero  automatically  shut  off  and 
the  brake  put  on  whenever  the  train  is  running  into  danger ;  nay,  it 
does  more  than  this — it  acta  as  if  the  fires  were  put  out,  and  all  the 
eoal  taken  away,  since  it  is  quite  out  of  tho  power  of  tho  ongine-driyor 
to  ro-^tart  hi  a  train  until  the  on©  in  front  is  at  a  safe  diBtance  ahead. 

But  all  trains  will  undoubtedly  be  lighted  with  electricity ;  must, 
then,  the  train  be  plonged  into  darkness  when  it  runs  on  to  a  blocked 
section  to  which  no  electric  energy  is  being  supplied  ?  No !  If  some 
of  the  electric  energy  supplied  to  the  train  when  it  is  on  an  nnhloeked 
section  be  stored  up  in  Faure's  accumulators,  such  as  are  at  present 
used  on  the  Brigliton  Pulman  train,  tbo  lamps  will  continue  hurniog 
even  when  tho  train  has  ceased  to  receive  electric  energy  from  the 
rubbed  raih 

When,  then,  we  commit  the  cwrying  of  onr  power  to  that  fleet 
messenger  to  which  we  have  been  accustomed  to  entrust  the  carrying 
of  our  thoaghta,  then  shall  we  have  railways  that  will  combine  speed, 
economy,  and  safety  ;  and  last,  but  not  least  to  us  Londoners,  we  shall 
have  tho  entire  ab&etice  of  sntokc,  the  presence  of  which  nearly  causes 
tho  convenience  of  the  Underground  Railway  to  bo  balanced  by  the 
pornicioua  character  of  its  atmosphere. 

[W.  E.  A.] 
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MeUter  and  Magneto- Electric  Action* 

Th«  late  Professor  Clerk  Mai  well,  in  his  work  on  'Electricity 
and  Magnetism'  (toI.  ii.  p.  liC),  lays  d^wn  as  a  principle  tbat  "  the 
mecbmnieal  force  which  tirges  »  conductor  carrying  n  current  across 
tite  lines  of  magnet te  force,  acts,  not  on  the  cloetric  current,  but  on 
tba  eonduetor  wMcb  carriee  it.  If  the  condnctor  be  a  rotating  disk  or 
a  fluid  it  will  moTe  in  obedience  to  this  force,  and  this  motion  may 
or  may  not  be  accompanied  with  a  chaogo  of  position  of  the  electric 
cmrent  which  it  carries*  But  if  the  current  itself  be  free  to  chooso 
any  path  through  n  fixed  solid  conductor  or  a  network  of  mrm,  ihm^ 
whm,  m  constant  magnetic  force  is  made  to  act  on  the  system,  the  path 
«i  tlie  onrrent  through  the  conductors  is  not  permanently  altered,  but 
ftfler  eertam  transient  phenomena,  called  induction  eurrenta,  have 
■aheided,  ihe  distribution  of  the  current  will  bo  found  to  bo  the  same 
Ml  if  DO  magnetic  force  wore  in  action.  The  only  force  which  acts 
on  €l«ctrio  currents  is  electromotive  force,  which  ranet  be  distinguished 
from  the  mechanical  forcse  which  is  the  subject  of  this  chapter/' 

In  the  investigation  on  electric  discharges,  on  which  Mr.  Mo  niton 
and  myself  have  been  long  engaged,  we  have  met  with  some  phenomena 
of  which  the  principle  above  enunciated  afiords  the  beet,  if  not  the 
only,  explanation.  Biit  whether  they  bo  regarded  as  facts  arising  out 
of  tbat  investigation,  ot  as  experimental  iHustrationa  of  a  principle 
laid  down  by  so  great  a  master  of  the  subject  aa  Professor  Clerk 
BCaxweU,  I  have  ventured  to  hope  that  they  may  possess  sufficient 
nterenl  to  form  the  subject  of  my  present  discourse. 

The  eiperiments  to  which  I  refer,  and  of  which  1  now  propose  to 
offer  a  aammary,  depend  largely  upon  a  special  method  of  exciting  an 
induction  coil*  This  method  was  described  in  t\To  papers,  published 
in  the  *  Phiiosophical  Magazine  *  (November  1879)  and  in  the  '  Pro* 
oeedin^  of  the  Eoyal  Society  *  (vol.  xxx.  p.  173),  respectively;  but  as 
its  Qse  appears  to  be  still  mainly  confiuod  to  my  own  laboratory,  and 
to  that  of  the  Boyal  Institution,  I  will,  with  your  permission,  devotd 
a  short  time  to  a  description  of  it,  and  to  an  exhibition  of  its  general 


The  method  oonsiets  in  connecting  the  primary  circuit  directly 
with  A  dynamo-  or  magneto-machine  giving  altoniato  currents.  In 
^  premt  case,  I  use  one  of  M.  de  Meritens'  excellent  machines 
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drivea  by  an  Otto  gas  engine.  The  speed  of  the  de  Meritens* 
machine,  so  driven,  is  about  1100  revolutions  per  minute. 

In  this  arrangement  the  currents  in  the  secondary  are  of  course 
alternately  in  one  direction  and  in  the  other,  and  equal  in  strength ; 
BO  that  the  discharge  appears  to  the  eye,  during  the  working  of  the 
machine,  to  be  the  same  at  both  terminals. 

The  currents  in  the  primary  are  also  alternately  in  one  direc- 
tion and  in  the  other,  and  consequently,  at  each  alternation,  their 
value  passes  through  zero.  But  they  differ  from  those  delivered 
in  the  primary  coil  with  a  direct  current  and  contact  breaker  in  an 
important  particular,  namely,  that  while  the  latter,  at  breaking,  fall 
suddenly  i9om  their  full  strength  to  zero,  and  then  recommence  with 
equal  suddenness,  the  former  undergo  a  gradual  although  very  rapid 
change  from  a  maximum  in  one  direction  through  zero  to  a  maximum 
      in  the  opposite  direction.   The  ordinary  currents 

I  I  with  a  contact  breaker  would  be  represented  by  a 

—  ' —  —  figure  of  this  kind,  while  those  from  the  alternate 
machine  approximately  by  a  curve  of  the  following  form.  The 
_  ^    rise  and  fall  of  the  latter  are,  however,  sufficiently 

1^  j  \  \  \\  rapid  to  induce  currents  of  high  tension  and  of 
great  quantity  in  the  secondary. 

From  these  considerations  it  follows :  first,  that  as  the  machine 
effects  its  own  variations  in  the  primary  current,  no  contact  breaker  is 
necessary ;  secondly,  that  as  there  is  no  sudden  rupture  of  current, 
there  is  no  tendency  in  the  extra  current  to  produce  a  spark  or  any 
of  the  inconveniences  due  to  an  abrupt  opening  of  the  circuit,  and 
consequently  that  the  condenser  may  be  dispensed  with ;  thirdly,  that 
the  variations  in  the  primary,  and  consequently  the  strength  and 
period  of  delivery  of  the  secondary  currents  are  perfectly  regular ; 
fourthly,  that  the  strength  of  the  currents  in  the  secondary  is  very 
great.  With  a  26-inch  coil  by  Apps  I  have  obtained  a  spark  about 
7  inches  in  length,  of  the  full  thickness  of  an  ordinary  cedar  pencil. 
But  for  a  spark  of  thickness  comparable  at  least  with  this,  and  of 
2  inches  in  length,  an  ordinary  4-inch  coil  is  sufficient. 

Owing  to  the  double  currents,  the  appearance  of  the  discharge  is 
that  of  a  bright  point  at  each  terminal,  and  a  tongue  of  the  yellow 
flame,  such  as  is  usually  seen  with  thick  sparks  from  a  large  ooil, 
issuing  from  each.  This  torrent  of  flume  (which,  owing  to  the 
rapidity  with  which  the  currents  are  delivered  by  the  machine,  is 
apparently  continuous)  may  be  maintained  for  any  length  of  time. 
The  sparks  resemble  tiiose  given  by  my  great  coil  (exhibited  in  this 
theatre  on  Friday,  April  13th,  1877,  and  described  in  the  *  Philo- 
sophical Magazine,'  1877,  voL  iii.  p.  30)  with  large  battery-power 
and  with  a  mercury  break ;  but  with  that  instrument  it  is  doubtful 
whether  such  thick  sparks  could  be  produced  at  short  intervals,  or  in 
a  rapid  shower,  as  in  this  case. 

In  order  to  contrast  the  effects  of  the  two  methods,  I  will  excite 
the  coil,  first  with  a  battery,  and  secondly  with  the  alternating 
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loachiDe.  You  will  notice  tbat  witli  tlie  battery  wa  can  obtain  either 
long,  bdgbt,  and  thin  ajmrke,  or  short  and  comparatiTely  thick 
disebsrges;  btit^  unless  the  latter  are  made  very  short,  they  occur 
(Mdy  mt  ccinipaj»tively  long  and  even  perceptible  intervals  of  time, 
Oq  the  olher  hand,  with  the  alternate  machine,  although  the  method 
dc»e»  not  lend  itself  bo  readily  to  the  production  of  long  and  bright 
i|tarkB^  w©  can  produce  a  perfect  torrent  of  discharges  more  rapid  and 
m&TQ  Toltimifious  than  by  any  other  means  yet  devised*  Long  bright 
iptriu  eiHt  howeYer^  be  obtained  by  interrupting  the  flow  of  the 
iosmto  &^m  the  machine,  and  by  allowing  only  single  carrents  to 
paai  at  comparatively  long  interval!^  It  may  be  interesting  to  know 
that  tLe  umuber  of  ourrentB  given  out  by  the  machine,  and  consequently 
the  nnmber  of  discharges  issuing  from  the  coil,  ia  no  less  than  35,200, 
that  i«,  17,600  in  each  direction,  per  minute.  The  nnmber  may  be 
delnminetl  by  the  pitch  of  the  note  which  always  accompanies  the 
•etaon  of  an  alternate  machine. 

A  ocHnparifion  of  the  two  methods  may  also  bo  made  when  a 
Leydeti  jar  is  used  as  a  secondary  eondenser.  This  application  of  the 
jar  10  weU  known  as  a  valuable  aid  in  spectroscopie  research  ;  and  the 
ttaployment  of  the  alternating  machine  so  materially  heightens  the 
ciecta  tbai,  judging  from  some  experiments  made  in  the  presence  of 
Mr,  Locky^t  and  from  others  of  a  different  character  in  the  presence 
of  Prt^&s9or  Dewar,  I  am  led  to  hope  from  it  a  further  extension  of 
oir  knowledge  in  this  direction.  In  order  that  yon  may  form,  at  all 
trrontii,  fiome  rough  idea  of  the  nature  of  such  discharges^  I  venture,  at 
ibe  lisk  of  (musing  some  temporary  inconvenience  from  the  noise,  to 
]V<^ject  the  spectrum  of  this  s|ny-k. 

I  will  detain  you  with  only  one  more  instance  of  comparison. 
The  ordinary  effect  of  an  induction  *X)il  in  illuminating  vacuum  tubes 
is  well  known.  The  result  is  usually  rather  unsteady.  Several 
iartmmentfi  have  been  devised  to  obviate  this  iuconveuience,  e.  g,  the 
rapid  breakers  described  in  the  *  Proceedings  *  of  the  Royal  Society 
(viL  xxiii«p.  455,  and  vol.  siv,  p.  5i7),or  the  break  called  the  "  Trem- 
Ueor**  of  Marcel  Deprez  (i*ee  'Comptes  Rend  us,'  1881,  I,  Semestre, 
liSd).  The  use  of  the  alternating  machino,  however,  not  only  gives 
iQ  Ike  fegularity  in  period,  and  miiformity  in  current^  aimed  at  in 
ilMftnimeints,  but  also  at  the  same  time  supplies  currents  of  great 
The  result  is  a  digchargo  of  great  brilliancy  and  stead ineps, 
tl  10  perhaps  not  too  much  to  say  that  the  cfiecta  are  compatible 
l»  tkoto  obtained  with  Mr.  De  La  Hue's  great  chloride  of  silver 
Inttenr.  The  configuration  of  the  discharge  produced  in  this  way 
call  wSm  be  controlled  by  a  suitable  sbunt  applied  to  the  sccondaiy 
areuit ;  for  example,  one  formed  by  a  column  of  glycerine  and  water, 
m  Ika  one  oonsisting  of  a  film  of  plumbago  spread  upon  a  slab  of 
liiie,  ooii«tniet«d  by  my  assistant  Mr.  P.  Ward,  and  here  exhibited. 

One  te«l  of  the  itrengtb  of  current  passing  through  a  tube  is 
fbs  imoimt  of  sur^e  of  negative  bemiiual  which  it  will  illuminate 
vi^  a  bdgibi  glow*   I  here  have  a  tube  with  terminals  in  the  form 
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of  rings,  each  of  which  would  l>e  regarded  of  ample  size  for  carrenti 
obtained  in  the  ordinary  way.  These  are  now  all  connected  together 
00  as  to  form  one  grand  negatLve  terminal ;  and  it  will  be  found  that 
with  the  cnrrcnte  from  the  alternate  machinG  the  whole  syfitem  is 
readily  iUuminated  at  once» 

It  flhould  perhaps  bo  hero  remarked  that,  while  the  strength  of  the 
secondary  currents  passing  through  the  tube  is  partly  due  directly  to 
the  strength  of  tho  primary  curreiits  from  the  machine,  it  is  probably 
also  in  part  due  to  the  rapidity  with  which  the  secondary  currents 
follow  OBe  another.  Owing  to  the  latter  c  Ire  urn  stance  the  column  of 
gas  maintains  a  warmer  and  more  conductive  condition  than  would 
prevail  if  the  interval  between  the  discharge  wae  longer;  and  in 
consequence  of  this  a  larger  portion  of  tho  discharges  can  mako  ita 
way  through  than  would  otherwise  be  the  case* 

Before  leaviDg  the  instrumental  part  of  my  dieoonreo,  I  desire  to 
bring  nnder  your  notice  a  modification  of  the  machine  which  we  have 
thus  far  need  for  producing,  by  the  intervention  of  the  induction  ooil^ 
our  rente  of  high  tension.  This  consists  of  a  machine  of  the  Bamo 
general  construe  tie  n  as  the  other,  but  having  tho  armatures  wound 
with  a  much  greater  number  of  convolutions  of  much  finer  wire.  Tho 
result  is  a  machine  giving  off  currents  of  sufficient  tension  to  effect, 
by  direct  action,  dit^eharges  through  vacuum  tubes,  and  oven  in  air. 
The  currcnte  are  of  course  alternate ;  but  by  diminiehing  the  size  of 
one  of  the  terminals  to  a  mere  point,  as  well  as  by  other  methods 
described  elsewbere,  it  is  possible  to  shut  off  the  currents  in  one 
direction,  leaving  only  those  in  the  other  direction  to  discharge  them- 
selves through  the  tube.  I  hope  on  some  future  occasion  to  give  a 
fuller  account  of  this  remarkable  machine,  which  has  only  quite 
recently  been  completed. 

Eetuming  to  the  discharge  in  air,  it  will  be  noticed  that  when  the 
terminals  are  set  horizontally  the  toiTcnt  of  thick  discharges  asaiimes 
tbe  appearance  of  a  flame,  which  takes  the  form  of  an  inverted  Y. 
This  is  the  result  of  convection  currents  due  to  the  heat  given  ofif  by 
the  discharges  themselves-  The  discharges  are  by  their  nature  as  it 
were  fixed  at  eaoh  end,  but  within  the  limits  of  diecharging  distance 
free  to  move  about  and  to  extend  themselves  in  space j  especially  in 
their  central  part.  Further,  it  may  be  observed  that  the  length  of 
the  spark  which  can  be  maintained  is  greater  than  that  ov<^r  which  it 
will  leap  in  the  first  instance.  The  exiilanation  of  this  is  to  be  sought 
in  tho  fact  that  when  the  sparks  follow  very  rapidly  in  succession,  tho 
whole  path  of  each  discharge  remains  so  far  in  a  heated  etato  as  to 
assist  the  passage  of  the  next ;  and,  further,  that  in  the  middle  part 
of  the  discharge  or  apex  of  the  where  tbe  beat  is  greatest,  the  heat 
prevails  to  such  an  eitent  as  to  render  a  portion  of  tho  path  highly 
conductive.  This  may  be  iUustrated  by  holding  a  gas  jot  near  the 
path  of  tho  discharge.  The  fiames  will  then  leap  to  the  two  ends  of 
the  jet^  which  wiU  perform  the  part  of  a  conductor ;  and  the  real 
length  of  the  discharge  will  be  that  traversed  from 
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tenmnal,  mums  the  length  of  the  inteireiLmg  £anie.  The  per- 
tnnaeiiUy  heated  part  of  the  flame  will  aet  in  the  same  maimer  in 
exteodiug  the  effective  length  of  the  discharge. 

The  discharge  which  wo  are  now  examining  is  not  hotDOgeneons 
throt3ghont,  but  conaists  of  more  than  one  layer.  The  flame,  which, 
from  the  fact  of  its  forming  the  onter  Bheath  of  the  discharge,  is  the 
most  prominent  feature,  cousiBts  mainlj  of  heated  but  solid  particles 
emanatiBg  from  the  terminals.  That  this  is  the  case  may  be  infcrrod 
in  a  general  waj  from  the  colonre  which  the  flame  assumes  when 
diferent  Babstances  are  placed  upon  the  terxamals;  for  example, 
lithium  or  sodium*  The  spectrum  of  the  flame  appears  to  be  always 
continaoUB.  A  couTenient  subEtance  to  affix  to  the  terminals  is  boron 
glsAs,  on  account  of  tho  brilliancy  to  which  it  gives  rise  in  the  dis^ 
charge ;  this  will  enable  us  to  project  the  phenomctioii,  "Within  this 
aheath  of  flame,  the  discharge  consists  of  the  pink  light  clmracteristio 
of  air,  and  in  the  centre  of  all  the  true  bright  spark.  There  is  reason 
to  think  that,  nnder  certain  circumstances,  there  are  more  layers  to 
be  s©on  ;  but  the  above  division  is  suflScient  for  our  present  purpose* 
In  this  somewhat  complicated  etrnctore,  the  pink  light  corresponds 
to  the  arc,  and  the  flame  to  a  eimilar  accompaniment  which  is  seen 
playing  about  the  upper  carbon  in  electric  lamps  when  a  current  of 
great  strength  is  used. 

From  this  account  of  the  methods  here  employed  I  now  turn  to 
tlie  main  (question.  In  the  investigation,  to  which  allusion  was  made 
ftt  Hie  beginoing  of  this  lecture,  it  occurred  to  us  that  an  examination 

the  effects  of  a  magDetlc  field  on  discharges  of  this  character 
through  air  or  other  gases  at  atmospheric  pressure,  and  a  comparison 
with  those  obtained  at  lower  pressures,  might  throw  some  &esh 
light  on  tho  nature  of  electrical  discharges  in  general.  It  is  these 
phenomena  to  which  1  now  propose  to  ask. your  attention. 

When  the  discharge,  originally  in  the  form  of  a  vertical  ipindle, 
ii  0iihimtted  to  the  action  of  a  magnet  whose  poles  are  horisontal,  it 
■liiiiifls  oat  into  two  nearly  semicircular  disks,  one  due  to  the  dis- 
eomrgm  in  one  direction,  and  the  other  to  those  in  the  opposite 
^jrootion.  As  the  magnetism  is  streugthoDed,  the  flame  retreats 
towmrds  the  edge  of  the  disks,  and  ultimately  disappears.  The  disk 
then  consistfl  mainly  of  the  pink  discharge  ,  bat  with  a  still  stronger 
nuigiwtie  field,  it  is  traversed  at  intervals  by  bright  semicircular 
vpArka  mt  various  distances  from  the  centre.  In  every  ease,  bright 
■parks  pass  directly  between  the  terminals  at  the  opening  of  each 
■eparale  discharge. 

In  order  further  to  disentangle  the  parts  of  this  phonomenoUf 
fiMM>iirso  was  had  in  the  original  experiments  to  a  revolving  mirror.  The 
light  in  the  diski  m  ineiifficf ent  to  allow  of  a  projection  of  the  effoctSi 
bat  the  accompanying  diagrams  represent  the  appearances  seen  in  the 
mirror*  Fig.  1  shows  tho  arrangement  of  the  terminals  and  the 
niAgaetie  pole« ;  Fig*  2  the  appearance  of  tho  discharges  in  a  plane 
«t  ri^l  ftQglee  to  that  of  Fig.  1 ;  Fig.  3  the  appearance  of  three 
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eucceBsive  diechftrges  (in  the  some  direction)  witli  a  weak  magnetic  field 
mnd  a  slowly  revolTing  mirror;  Fig.  4  the  same,  with  a  slightlj  more 
rapid  rat©  of  revolution ;  Fig.  5  a  single  discharge,  with  a  Btrcnger 
flaM  and  greater  speed  of  mirror ;  Fig.  6  a  singlo  dl&charge  in  a 
efemig  field,  with  a  etill  greater  epeed  of  mirror.  It  should  be  me^ti-^ 
tioned  that  in  all  theae  figures  the  images  to  the  left  are  to  be 
regarded  as  anterior  to  those  on  the  right,  and  that  ihej  represent 
▼arions  pbasee  of  the  left-hand  diBcbarge  in  Fig.  2. 

If,  however,  we  observe  the  right- hand  discharges  with  a  mirror 
revolving  in  the  same  direction  as  before,  it  is  clear  that  the  actual 
cnrvatnro  of  tho  discharge  will  be  turned  in  the  opposite  direction 
(with  reference  to  the  motion  of  the  mirror)  to  that  in  the  case  of  the 
lefi-band  discharges.  The  consequence  will  be  that  the  appearance 
in  tbe  mirror,  when  the  rate  of  revolution  ie  not  too  great,  will  be 
•omeihing  like  Fig.  7«  instead  of  Fig.  6.  As  the  speed  of  the  mirror 
18  increased,  the  conveiity  will  dirainish,  and  ultimately  ho  replaced 
by  a  concavity  of  the  same  kind,  althougb  not  60  marked^  aB  that  in 
the  case  of  tho  left-hand  di&ehargea> 

These  diagnims  show  that  each  coil  discharge  commences  with  a 
bright  spark  passing  directly  between  the  terminals  ;  that  this  spark 
ie  in  general  followed  by  tho  piuk  light  or  arc  dificbargOj  which  passes 
first  in  the  immediate  neighbourhood  of  tho  initial  spark,  and  gradually 
ozleiide  like  an  elaBtic  string  in  Bemicircular  loops  outwards;  and 
tlwt  the  flame  proper  is  a  phenomenon  attendant  on  the  close  of  the 
entm  discbarge.  It  should  be  added  that  observatioiiB  with  a  mirror 
reTolving  on  a  horizontal  axis,  and  with  a  horizontal  slit  in  front  of 
the  discharge,  show  that  the  disk  is  not  simultaDeously  illuminated 
thronghouk,  but  that  it  is  a  locits  of  a  curvilinear  discharge  which  moves 
outwards  and  expands  in  its  dimensions  from  the  centre. 

The  mechanism  of  the  discharge  would  therefore  eeem  to  be  as 
follows :  In  the  first  place,  as  soon  as  the  tension  is  sufficient,  the 
electricity  from  the  terminals  breaks  through  the  intervening  air, 
but  with  aucb  rapirlity  that  the  fracture  is  like  that  of  glass^  or  other 
rigid  substance*  This  opens  a  path,  along  which,  if  there  remains 
snfficient  electricity  of  sufiScient  tcnsioii,  the  discharge  will  continue 
to  flow.  During  such  eontinnance  the  gas  becomes  heated,  and 
behaves  like  a  conductor  carrying  a  ciu'rent ;  and  upon  this  the 
magnet  can  act  according  to  known  laws.  As  long  as  tho  electricity 
oontinnes  to  flow,  the  heat  will  at  each  moment  detormine  the  easiest, 
although  not  the  shortest  path  for  its  subeequent  passage.  In  this 
way  the  gBs^  which  acts  at  one  moment  as  the  conductor  of  the  dis- 
oiiarge,  and  at  the  next  as  the  path  for  it,  will  be  carried  further  and 
teili«r  out  until  the  supply  of  the  electricity  from  the  coO  fails^  and 
Hho  whole  discharge  ceases.  Wo  are,  in  fact,  led  by  these  experiments 
|0  tiie  oandtiBion  that  it  is  the  gas  in  the  act  of  carry  tug  the  current, 
iMi  oo^t  tiie  current  moving  freely  in  the  gaseous  space,  upon  which 
magnet  acts. 

This  Gipljuiation  of  the  magnetio  displacomont  of  a  discharge 
VouX.   (No.  75.)  a 
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receivea  strong  support  from  tlie  plienomena  represented  in  Fip, 
5,  6j  and  7.  The  Bucoeasive  bright  lines  there  showti  must  be  dne  to 
successive  f»Lls  and  reviirals  of  tension  within  a  single  coil  dischiU'ge, 
The  existence  of  such  alternations  in  coil  discharges  of  l^ge 
quantity  is  othorwiae  known.  When  the  fall  in  temjwrature  is  such 
that  the  conductivity  of  the  gas  is  inauffiotent  to  maintain  the  arc, 
the  discharge  can  make  its  way  through  the  air  only  by  a  fresh  rent 
of  the  same  kind  as  the  first  fracture.  But  how  can  this  be  reoon- 
eilod  with  the  fact  that  the  tension  can  never  reach  its  original  degree, 
and  must,  on  the  whole,  be  gradaaHy  falling,  and  that,  in  addition, 
the  paths  represented  by  these  various  sparks  are  successiyely  longer 
and  longer?  The  ansvver  to  this  quoefcion  is  to  be  found  plainly 
written  in  the  phenomena  themseltes.  Any  irregularity  in  ono  of 
these  bright  linea  is  always  found  to  be  accurately  repeated  in  all  of 
the  same  series.  Now,  it  is  scarcely  to  be  conceived  that,  at  success 
siye  instants  of  time  and  in  diiferent  portions  of  space,  irregularities 
in  tbe  disc  barge  itself,  and  in  the  distribution  of  the  gas,  so  precisely 
the  same,  would  constantly  and  for  certain  reeur ;  and  we  are  thero- 
fore  driven  to  the  conclusion  that  it  is  the  same  portion  of  gas  which 
at  first  occupied  the  centre  of  the  field,  with  its  same  yet  unhealed 
tent,  which  is  moved  outward  under  the  action  of  the  maguet.  If  this 
be  80,  we  have  in  this  repetition  of  minute  detAiU  nothing  more  than 
what  would  necessarily  follow  from  successive  reopenings  of  the 
weak  parts  of  the  gas,  which  would  be  surely  found  out  by  the  elee- 
tricity  in  its  struggle  to  pass* 

The  view  here  taken  of  the  material  character  of  tb©  luminous 
discharge  is  further  borne  out  by  the  fact  that  the  spindle  of  light  is 
capable  of  being  diverted  by  a  blast  of  air.  When  the  blast  ia  gentle, 
tbe  discharge  becomes  curvilinear,  approximatGly  semicircular,  and 
the  yellow  6ame  may  be  seen  playing  about  the  outer  edge,  in  the 
same  way  as  in  a  weak  magnetic  field.  When  the  blast  is  stronger, 
the  sheet  of  light  becomes  irregular  in  form,  and  it  is  traversed  by  a 
series  of  bright  lines,  all  of  which  follow,  even  in  their  minute  detnils, 
the  configuration  of  the  sheet.  The  analogy  between  this  and  the 
phenomena  produced  in  a  strong  magnetic  field  needs  no  further 
remark.  If  the  strength  of  the  blast  be  still  further  increased,  the 
flame  and  the  sheet  of  light  both  disappear,  and  nothing  remaius 
but  brigbt  sparks  passing  directly,  and  undisturbed,  between  the 
terminals.  In  this  case  the  air  is  both  displaced  and  cooled  so 
rapidly  by  the  blast,  that  it  no  longer  offers  a  praeticable  conduc- 
tive path  for  the  remainder  of  the  electricity,  coming  from  the  coil^ 
to  follow.  Of  this  a  succession  of  disruptive  sparks  is  a  necessary 
consequence. 

The  effect  thus  produced  by  a  very  strong  blast  is  in  fact  similar 
to  that  observed  when  a  jar  is  used  as  a  secondary  condenser.  In 
this  ease  tho  electricity,  instead  of  flowing  gradually  from  the  coil, 
passes  in  one  or  more  lustantaneoua  discharges  with  finite  intervals 
of  time  between  them.    Each  of  these  has  to  break  its  way  through 
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tiie  sir;  and,  iLftt  done^  it  ooaacfl.  Kodog,  neitlier  a  mftgnet^  nor  a 
bkvl  of  ftir  will  bavo  any  effect  in  diverting  Bucb  a  dlBcharge, 

Ab  ft  liifit  stage  of  the  pbenoBienaT  it  may  be  mentioned  that,  if  the 
interTBl  between  the  terra  imls  be  d  ear  the  limit  of  striking  distance, 
either  a  blast  of  air,  or  the  setting  tip  of  a  magnetic  field  will  alike 
extingnifih  the  discliarge* 

Our  experimente  have  been  thos  far  carried  on  in  air  at  atmo- 
epberic  pressure  ;  but  there  ia  nothing  m  this  presBUre  which  is 
eoaential  to  them  or  to  the  ooncldsiona  to  which  we  have  been  led. 
We  may  therefore  repeat  them  in  air,  or  any  other  gaseous  medium,  at 
au^  pressure  we  pleaae*  This  couBideration  leads  us  into  the  region 
(so  iartilo  in  an  experimental  point  of  view)  of  discharges  in  Tftcuum 
inbeiL 

Commencing  with  a  tnba  of  moderate  diameter  and  of  very  alight 
exhauation,  we  can  at  once  recognize  our  fiirmer  phenomena  slightly 
changed.  Proceeding  to  another  tube,  of  larger  diameter  and  of 
moderate  exhaustion,  and  placiog  it  axially  or  etiuatorially  in  a  mag- 
nettc  field,  wo  see  not  only  that  the  discharge  (or  rather  the  con- 
ductor carrying  it)  is  displaced,  but  also  that  the  displaced  part  is 
spread  out  into  a  sheet  or  ribbon,  showing  that  the  discharge  is 
alfeoted  gradually,  exactly  in  the  same  way  as  was  found  in  the 
open  air« 

When  the  exhaustion  is  carried  further,  the  phenomena  become 
imthor  more  complicated.  At  an  early  stage  there  is  a  distinct  separa- 
litin  betwt»en  the  negative  glow*'  and  the  rest  of  the  luminoua 
colamn  \  and  at  a  more  advanced  fitage  the  column  itself  is  broken  into 
•e|nimte  luminosities  or  striaa*  When  this  is  the  case,  it  is  uBually 
md  that  tho  negBtire  glow  follows  the  lines  of  magnetic  force,  while 
tlie  luminous  column  dlstribntofi  itself  according  to  Ampere's  law^ 

It  wiLI^  however,  be  found  that  when  completely  analysed  the 
letion  of  the  magnet  upon  the  striffi,  taken  individually,  is  the  Bame 
■a  that  upon  the  negative  glow,  due  allowance  being  made  for  the 
diflerencofl  in  local  eircumstanc^B  Bubsisting  between  the  one  and  tho 
other.  Wo  have  else  who  re  shown  that  the  negative  glow  is  in  reality 
it  Iruly  a  £tria  as  any  other  individual  member  of  the  luminous 
«otanii ;  btit  with  this  diff'erenoe,  that  it  is  anchored  to,  and  dependent 
Ibr  ita  form  on,  a  rigid  metallic  terminal,  whereas  each  of  the  others 
ia  dependent  on  the  variable  form  and  position  of  the  stria  immediately 
next  in  order,  reckoning  from  the  negative  end  of  the  tube.  The 
ftclton  of  a  magnet  in  throwing  tho  negative  glow  into  a  sheet  of 
light,  which  is  the  locus  of  the  linos  of  force  passing  through  the 
t«niLiB&l,  and  which  consciiuoDtly  varies  with  the  position  of  the  tube 
in  the  field,  is  a  phenomenon  so  well  known  that  we  need  repeat  only 
•  stBgle  exi>enmeut  by  way  of  reminder. 

Although  it  iH  ijot  altogether  so  easy  to  show  that  tho  other  striffi 
«ra  diroctly  afTecttjd  by  a  magnetic  Eeld  in  the  same  way  m  is  tho 
uiohored  8tria«  wo  may  atill  satisfy  ourselves  that  it  is  the  fact,  from 
the  oouAidotAtion  that  when  the  strira  are  well  developed  and  tho 
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magnetic  field  it  strong,  it  is  qnite  possible  to  form  a  magnetic  arch  at 
any  p&rt  of  the  column.  In  thia  experiment  it  will  be  noticed  that 
for  the  formation  of  the  arch  in  mid-column  it  is  neceaBary  that  both 
polos  of  the  magnet  Bhould  act  upon  one  and  the  some  stria.  This, 
in  fact,  means  that  the  pole  nearagt  the  negative  end  anchors  ths 
fitria,  and  thereby  brings  it  into  conditions  similar  to  those  of  thd 
negative  glow.  When  this  is  effected  the  two  exhibit  Bimilar  modifi- 
cations in  the  magnetic  field. 

In  aupport  of  thie  viow^  we  may  addnee  another  and  qnite  indepen^ 
dent  method  of  anchoring  a  stria,  and  of  thereby  producing  a  magnetic 
arch  elsewhere  than  at  the  negative  terminal.  It  was  noticed  by 
Goldstein  and  others  that  if  the  negativo  terminal  of  a  tube  be 
enveloped  by  an  insukting  surface  of  any  form  pierced  with  a  number 
of  holes,  or  if  a  diaphragm  similarly  pierced  be  placed  anywhere  in 
the  tube,  that  the  pierced  surface  will  act  as  a  negative  terminal.  Ha 
also  found  that  the  finer  and  closer  the  holes,  the  more  complete  thd 
resomblanco  to  the  action  of  a  negative  terminal.  But  even  when  the 
substance  is  metallic,  and  when  the  holes  are  neither  very  small  nor 
Tery  numerous,  a  perforated  diaphragm  will  so  far  act  like  a  negntive 
terminal  as  to  serve  as  a  poiut  of  departm-e  of  a  stria,  There  i% 
however^  this  diflFerenee,  that  the  blank  space  immediately  ail  joining 
the  diapbragm,  as  it  is  usually  called,  is  not  generally  ao  large  ag 
that  at  the  true  terminal ;  and  the  stria  thus  artificially  formed 
always  lie  close  up  to  the  holes.  The  diaphragm^  in  fact,  anchors 
the  stria,  and  renders  it  susceptible  of  the  same  magnetic  effect  as 
was  shown  in  the  cases  studied  before. 

The  action  of  a  diaphragm  in  a  magnetio  field  gives  rise  to  many 
other  interesting  and  remarkable  results ;  some  of  which  would  further 
illustrate  the  views  now  submitted  for  your  consideration.  But  theao 
mnst  be  reserved  for  another  occasion. 

In  the  foregoing  experiments,  and  in  the  remarkB  which  hava 
accompanied  them,  I  have  endeavoured  to  illustrate,  by  reference  to 
gaseous  media,  the  principle  enunciated  at  the  outset,  that  in  the  dis- 
placement of  the  discharge  in  a  magnetic  field,  the  subject  of  the 
magnetic  action  is  the  material  substance  or  medium  which  conveys 
the  discharge.  I  have  shown  also  that,  even  when  the  discharge 
takes  place  in  media  so  attenuated  as  to  produce  the  phenomena  of 
stria,  the  same  principle  applies  not  only  to  the  discharge  as  a  whole, 
but  also  to  each  oomponent  stria  or  unit^  and^  lastly,  that  the 
apparent  diversity  of  effect  on  the  various  strira  is  duo  to  local  cir- 
cumstances, and  Dot  to  any  fundamental  differeucc  between  the  nega* 
tiv©  glow  "  and  the  members  of  the  "  positive  column." 

Seeing  now  that  the  magnetic  displEu^ement  of  the  luminous  dis^ 
charge  moans  displacement  of  the  matter  in  a  luminous  condition^  and 
that  a  crowding  of  such  luminous  matter  involves  an  inercaee  of 
luminosity,  may  we  not  infer  with  a  high  degree  of  probability  thai 
tlio  striie  are  themselves  aggregations  of  matter^  and  that  the  daf  k 
spaces  between  them  are  comparatively  vacuoufl. 
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It  is  tnie  tlmt  Rich  a  view  of  the  casG  would  mem  to  imply  tli&t,  in 
g»seoufi  media,  the  better  the  Tacnam  the  more  easily  can  tho  eloc- 
ferictty  pass  j  and  that  this  might  at  first  sight  appear  to  bo  at  rariojica 
with  the  known  fact  that  the  roeistanco  of  a  tabo  decreases  with  tho 
premiTe  Qntil  a  minimum,  determinate  for  each  kind  of  gas,  and  thon 
inereftses.  But  it  has  been  BuggoBtod  by  Edlund  ('  Aiinalas  de  Chemie 
et  de  Physique/  1881,  torn,  iii,  p.  199)  that  the  resistance  of  a  tubo 
nmj  Feally  consist  of  two  parts,  first  that  due  to  the  passage  of  the 
elecb-icity  through  tho  gaa  itself  and,  socondly,  that  due  to  its  passage 
h<mk  tho  torminals  to  tho  gas ;  and  also  that  the  former  decreases, 
wliile  the  latter  increases,  as  the  pressure  is  lowered.  On  this 
nppoBitioa  the  obBoryed  phenomena  may  bo  explained,  without 
usiguiDg  any  limit  to  the  facility  with  which  elootricity  may  trarerse 
the  most  vaouous  apace. 

We  may  even  oarry  the  suggestion  of  a  resistance  of  the  second 
kind  &  little  further,  and  suppose  that  tbere  is  a  resistance  due  to  tho 
pvasAge  of  electricity  from  a  medium  of  one  density  to  that  of  another, 
or  from  layer  to  layer  of  different  degrees  of  pressure.  And  from 
this  point  of  view  we  may  regard  the  strira  as  expressions  of  resistance 
due  fro  the  %'arying  pressure  in  different  parts  of  the  tubo«  Into  the 
qnestioo,  whence  this  Tariation  of  pressure,  I  am  not  at  prosent 
pmtpifed  to  enter ;  it  must  suffice  for  this  evening  to  have  shown  that 
tlie  ixmclnsions  which  we  liavo  drawn  from  our  exporimonts  are  not 
in  disaccordauoe  with  othor  known  phenomena  of  the  electrical 
duiohftrge. 

[W.8.] 
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ailirBRAL  MONTHLY  MEETING^ 

Monday,  April  3,  1882, 

GsoBOE  Bosk,  Esq.  F.B.S,  Treastu'er  and  Vice-President,  in  the  Chair. 

Benjamin  Baker,  Esq.  MJ.CE. 
William  Edmund  Rich,  Esq.  M.I.C.E, 

were  elected  Membere  of  tbo  Royal  Inetitution. 

Eleven  Caudidatcs  for  Membership  were  proposed  for  election « 

The  Special  Thanks  of  tlie  Membere  wore  returned  to  Eld  ward  J, 
Mojbridge,  Esq*  for  his  diseouree  on  Attitudes  of  Animais  in  Motian 
on  March  13tb. 

The  PBEBKNTa  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thank  a  of  the  Members  returned  fi>r  the  same,  vis*  :— 

FEOM 

The  Goverm>r  General  of  India — Geological  Sorvey  of  India : 
EflDOldfl.   ToLXY.    PiurtL    8m  18B2. 

Fabwtitologia  ludi^:  Scries  II.  XL  xn.  Vol.  3.   Seri^  XUI.  Yd.  1.  4to. 
1881. 

Manual  of  the  Geoloj^y  of  India.   Part  III.   8to.  1881. 
Memoira.    Vo!.  XVII L  Parts  1-3.    8to.  ISRl. 
The  Secretary  of  Staisfur  India — Sytiopeis  of  tli«  Great  TrigonometHciil  Smrey 

of  India.    Vola.  X.  XL  XII.  and  XIII.    4to.  18^0. 
A<}cttdemia  dct  Linc^f  JJeaie,  Jfoma— Attl,  8erie  Tcrza  :  VoL  YL  Faac.  7,  8,  4to* 
1882. 

Atlrommi'cal  Society,  J?py« I— Monthly  NoticeSj  Vol.  XLH.  No,  4.    8vo.  1882. 

Banktri  Imtitute—jimrutd^  Vol.  III.  Part  3.    8to.  1882. 

Barl&te,  Feter  W.  Esq.  M.LC.E.  F.KS,  {the  Auih?T)— Smoke  Abfttement. 

8  m  1882. 

BramweU,  Sir  Frederick  J.  F.E,S.  M.BJ.  {the  Atiihory-Oa  Some  of  the  Develop- 
ment^ of  MochuDical  ED^neering  diiring  laid  half  centnrj.    8m  J8B2. 
Railisn^ft  and  Locomotivea  (Lectures  in  1877),  by  J.  W.  Barry  aiid  F*  J.  Bram- 
well,   SvQ.  1882. 

British  ATchiiccU,  Hofjal  IndituU  o/— Proceedings,  1881-3,  Noe.  10,  11,  12.  4ta. 

Cfumiml  Sodeiy-^ Journal  for  March,  1882,    8 to. 

Ittdex  of  Yolfl.  XXXIX.  and  XL- 
EaM  India.  Jouraid,  Vol.  XIY.  No,  4.    8vo.  1882. 

^*itor»— American  Journal  of  SoUnoe  for  March,  1882.  8to. 

Analyst  for  March,  1882,  8iro. 

Atheueetim  for  MarcU,  1882.  4to. 

Chemical  News  for  MArch,  1882,  4to. 

Etigiueer  for  Marob,  1882,  fol. 

Horoh'gicfil  Journal  for  Marcb^  1S82.  8to. 

Iron  for  March,  1882.  4to. 

Naturo  for  March,  1882.  4to, 

Befoe  Bcientifique  and  Reyue  Politique  et  Ltttemire  for  Blarch,  1882.  4tri. 
Telegraphic  Journal  for  March,  1882,  fol. 
FrawWm  iJMiffuf*— Journal,  No.  675.    8m  1882. 

GeMPa  :  Society  de  Physique  et  cTHutoire^  ^aiitreite— Memoirca.    Tome  XXVII* 

Partie2.    4tu.  1881. 
GeogrdphiccI  Soctety,  fioyn I— Proceedings,  Ni^w  SerioBj  Vol,  IV.  No.  4,  Svo,  1 882. 
Geohgtcal  ^Kiely— AbHtmcta  of  ProoeedifigB,  1881-2,  Noa>  117-418,  Sto. 


Cmtrw^  Omrlm  Ahxander,  MM.  C,B.  MMX  OJu  Auifmy—Ufe  on  the  Gdid 

Our  Tnp  to  Barmatu   Svo.  1876. 
Oiyt  FilZuiin  X  Em.      ,a  dc.  {tke  Atdhor)— John  How&rti'a  Wintered  Journer. 

^bnctr-^oomal.  No.  91.   8m  1831-2. 
Tnaneitiotis:  Botamy,  Vol.  n.  Part  1,     Zoology.  Vol  U.  Parts  2-4.  4ttt. 
1881-8. 

Ifwifiittw  G«>iogimI  ^bt^s^Tmnsactioiifl,  Vol.  XVT,  PnH  13.    Svo.  1SS2. 
MiMmdnek^  JtM  Qt^^  MM,  FMM.E.(tktt  Anthory-^'mMnm  of  Phyaiology  in 

Its  BdnUnDfl  to  Mtttu   Itsm.  lg7S. 
JCiiMiulo^ioctl  Q^lw— Eepori  of  th«  Mcieorologictil  Council  of  the  Roys.]  Sooiiaty 

for  i6*S0-l.    8to.  1882, 
Nntm^€Hm-Tyns  hitxtarif  and  Phtlimphioal  Society— ^ome  Account  of  the 

L»tixrea»  with  Suggest  iciiiB.  Svo.  ljiB2. 
Onrry,  Bm.         Tkomii^  M.A.  M.E.I  (the  i«fW)— Practic*!  Sefmana.  IGmo. 

istis. 

i%mwmemaieai  S^tt^  of  Gt^  Briiain^lmimBl,  Mftreb,  1SS2.  Svo. 
"*  '       "  Soeietit-^imma^^  New  Sene^  Vol.  VI.  No,  6.   Sto.  1S82, 


itaMH,  A.  Mtq.—SciBnim  Bdl,  Purfc  I.  No.  &  8to.  18S2. 
Afil  Saekty  «/  ikmddn— Proceedisga,  No.  218. 


Svo.  1882. 

amUtjf  «f  .iftr-^oimia},  March,  1882.  Bto. 
^ujih  S-  S§q.  ithe  Authory-^piejignVs.  Vacuum  Pump  (commonly 

mSied  BanaeuV  Pump).   Sto.  1881-2. 
tl^mmr  B.  E.  Eiq,  (tAe  A^ihot) — Notea  uq  Ornimi«nt.   (Lectured  deUYered  at 

Ike  Boyiil  In^ttutiou.)   (Portfolio,  Mftrch.  1882.) 
SL  P^tenftotifg,  Asadhai^  du  SctewMw— BoUbtuis,  Tome  ZXVTII.  No.  1,  4ta 
1S82. 

]yaKm,1\>tiieXXYni..Noa.  8«9.   Tome  XXIX.  No.  1.   4tn«  1881, 
A  P<«mlvr)7  CbiM  Pftyfuoj  €hmatof^  iihrotigh  Br.  H.  Wild,  Uirmkfr)-^ 

Aanalezt,  Ism,  4ta  1881. 
Apm,  Ir,    — lioDthly  Bfeteurolngioal  Magazine,  Ikfarcht  1882,  8m 
filya^ijt  Em^nm^  BoeieLy  qf— Vol.  XL  No.  m   Sto.  1882. 
Fmii  Mr  J^^^M^anm^  (l«f  tf^wCTi/tfiiaeii  m  Prcittten— Veifhandlungen,  18S2: 
ITa  S.  4lo^ 

t*ntm~Smt^eomt^     F.  ^^ig.  M.J.  (the  Anihor) — T^tiee  on  Eiren  and  Oftoala. 

i  tola.    8to.  1882. 
FiMtt  ljKitfjlM<fr— Jotinial,  No.  GO.    Svo.  1882. 

il^  iJ^*  i/ — E<!pertorium  ftir  Metcomlogie.    Band  VII.    Heft  2.    4  to.  1881. 


WEEKLY  EVEHTNG  MEETING, 
Friday,  April  21, 1882. 

Wj^MMm  Di  La  Hub,  Eaq.  M.A.  D.C.L,  F,B,S.  Yice-Frefiident, 
in  tiie  Chair. 

Jamm  Dewab,  Esq.  M.A.  F.R.S.  MM.L 

f  vIknicB  FiQfQMor  of  Cliemidtry  at  the  Roynl  luBtitutioiif  and  Jacknouiati 
Pfofeoadt  iu  the  Tluirereity  of  Cambridge, 

Eif9nmmkd  Bmat^  &/  JlenH  Sie,  Claire  DeviUe,  Hon, 

(Abstract  dt;forrc«l>) 
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WEEKLY  EVENING  MEETIKG, 
Friday,  April  28,  1882. 

Sir  FasBm&iOE  BsAitw^iii,  F.B.S.  YicG-Frefiidout^  In  tJie  Chair. 

F.  A.  Abel,  C*B,  F^,8, 
Pf«6idout  of  tbo  Iiwtitiite  of  OhBmifltry. 

Some  of  the  DangeroUB  Properties  of  DusiB, 

When  dealing  with  the  siibject  of  so-callod  accidental  oxplofiions,  in 
&  diacoui"fie  delivered  to  the  Members  of  the  Royal  Institution,  in 
March  1875,  the  lecturer  pointed  out  that  comhufltible,  and  efipecially 
inflammable  Bubstanoea,  if  auficieutly  light  and  finely  divided  to 
allow  of  their  remaiDing  for  Bomo  timo  auspcndod  in  air  in  consider- 
able quantity,  so  as  to  form  an  intimate  mii:turG  with  it,  may,  when 
ignited  in  thia  condition,  produce  exploaive  effects.  The  combustion 
of  the  finely  diYided  particles  which^  under  euch  conditions,  are  first 
infiamed,  at  once  conimumcato  flame  to  those  in  their  immediate 
vicinity,  and  combustion  i§  thus  transmitted  by  and  through  the  soT' 
rounding  mixture  of  dust  and  air  with  a  rapidity  regulated  by  the 
inflammability  of  the  dust,  and  by  the  proportion  and  state  of  di  via  ton 
in  which  it  is  distributed  through  the  air.  If  a  ropidly  burning 
miituro  of  this  kind  is  confined,  its  combustion  will  be  attended  by 
explosive  effeotfij  the  degree  of  violence  of  which  is  determined  by 
the  combustibQity  of  the  dust,  by  the  quantity  of  mixture  Ignited, 
and  the  natua^e  of  its  confinement.  Its  behaviour  is  indeed  quito 
BimilftT  to  that  of  a  mixture  of  inflammablo  gas  or  vapour  and  of  air ; 
at  the  instant  of  its  ignition  each  dust-particle  is  to  a  more  or  loss 
considerable  extent  converted  into  iufiammable  vapour,  or  is,  at  any 
rate,  surrounded  by  an  envelope  of  burning  vapour,  so  that  if  the 
particles  are  in  sufficiently  cloBe  proximity  to  each  otherj  the  rapidly 
success ive  development  of  vapour  from  them  as  the  flame  spreads,  gives 
rise  to  a  condition  of  things  very  like  that  which  obtains  when  an 
inflammable  gas,  or  vapour,  originally  existing  as  such,  is  mijced 
with  air. 

Even  the  most  inflammable  solid,  in  the  form  of  duat,  must  be 
tuixed  in  large  proportion  with  edr,  must,  indeed,  be  present  in  the 
form  of  a  dense  cloud,  in  order  that  the  transmission  of  flame  may 
proceed  continuously  from  the  portion  first  ignited  to  surrounding 
parts  of  the  mixture.  A  dense  cloud  of  Lyoopodium  dust  in  air  will 
transmit  flame  with  rapidity  and  violence  throughout  its  whole  cxtentt 
but  if  the  particles  in  the  cloud  be  not  in  very  close  proximity,  the 
application  of  flame  to  it  will  only  produce  short  flashes  in  the 
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ficmity  of  the  eonrm  of  flcLiuej  nnd  the  fire  wiU  not  spread  to  am-pound- 

Tbe  diflcnltj  of  mamtoiiuDgf  if  oidj  for  a  bHef  period,  ft 
■affieientlj  uniform  and  higlilj  obarged  mixture  of  air  with  eveu  a 
rmj  light  iofiammftble  powder,  to  ensTir©  the  propagation  of  flame 
through  it,  and  the  circutnstanca  that,  with  powders  which  are  not 
yttj  highly  and  completely  inflammablo,  only  some  portion  of  the 
eomltmetible  matter  is  actually  bumod  when  flame  is  applied  to  the 
miittire  of  dnst  and  air,  nooeesitat©  the  presence  of  a  proportion  of 
dost  more  or  1^  considerably  axcoedrng  that  which  is  proportionate 
to  the  oijgen  snpply  in  the  Tolumo  of  air  with  which  it  is  mixed,  if 
liiiie  is  to  be  transmitted  by  the  mixture. 

ThiB  condition  is  not  difficnlt  of  fulfilment  in  practical  operas 
tloiii  in  which  uiflammable  dust  k  dealt  with,  and  flame  may  con* 
•MneiLtly  be  transmitted  npon  a  large  scale  Uirough  mixtures  of 
iiuinniable  duets  and  air,  witli  a  rapidity  calculated  to  produce  more 
or  laes  violently  explosire  effects,  as  has  been  demonstrated  by  many 
fte^ents  in  works  where  mannfactUTing  operations  have  been  attended 
hj  the  production  and  escape  into  the  air  of  large  q^uautities  of 
isfluiimble  dust    The  accidental  inflammation  of  sulphur  dust  in 
in  which  its  pulverisation  has  been  carried  on,  has  given 
to  more  than  one  eonsidemblo  and  somewhat  violent  explosion, 
mills  ha?e  been  known  to  become  rapidly  fired  by  the 
ijf,  and  transmission  of  flame  by,  mixtures  of  cotton  dust  and 
veiy  quickly  spreading  couflagrations  originating  from  dust* 
li«Te  occurred  in  other  works  dealing  with  even  Im 
>le  and  dust>productng  materials;  thus  at  the  Quarondne 
lEillBp  at  Borgues,  an  explosion  occurred  in  187 consequent  upon  the 
ignitieai  of  a  mixture  of  air  with  the  dust  of  that  substauce.  But 
tfaa  mott  numerous  and  extensive  calamities  connected  with  the 
aoddeotal  ^nition  of  mixtures  of  light  inflammable  dust  and  air  have 
oeenrred  in  flour-  and  rioe-mills. 

Tlie  cauBc  of  many  disastrous  explosions  and  fires  which  oconrrod 
KB  ioKT  mills  at  Budapest  in  Hungary,  at  Fridoat  in  Germany,  in  other 
fiilg  of  the  Continent^  and  in  England,  prior  to  1872,  appeared 
afiloped  in  much  mystery,  until  Dr.  Watson  Smith  directed  attention 
10  Hie  Cm!  that  an  Austrian  observer  hod  apparently  (raced  their 
la  tli/d  ignition,  by  flame  or  some  incandescent  body  (such  as 
p(rodii^  by  the  millfitones),  of  mixtures  of  air  and  the  dnat  of 
and  bosks  formed  during  the  grinding  of  corn  or  subsequent 
of  flour.  The  occnrronce  of  a  very  serious  explosion  and 
the  Tradeston  Flour'  Mills  in  Glasgow,  in  January  1872,  caused 
gentleman  to  direct  public  attention  to  what  appeared  the  true 
of  these  disasters,  and  on  the  occasion  of  that  cAtastrophe, 
■1  persons  were  killed  sJid  a  number  injured,  tho  subject 
«at  oucfitllj  iDTestigated  by  Messrs.  Rankin  and  Macailam.  The 
«Rgi&  Cif  the  explosion  was  conclusively  traced  to  tho  striking  of  tiro 
by«  fiair  of  millstones,  through  the  stopping  of  tho  food,  and  tho 
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confiequent  frktioti  of  their  bore  snrfoceB  against  each  other ;  the 
results  being,  the  ignition  of  the  miitur©  of  air  mid  fine  flooj-dnst  by 
which  the  raiUstoties  were  eurrotrnded,  and  the  rapid  eommuni cation 
of  fliiiQe  thereby  to  the  mixtore  of  dust  and  air  which  lUlcd  tLo 
conduits  in  communication  with  the  exhaust  box:  this  being  the 
common  receptacle  into  irhich  the  mixture  of  duBt  and  air  is  drawn, 
by  ao  exhaust  fan,  tbrongh  the  conduits  comraunicating  with  the  several 
mills.  From  the  exhaust  box,  where  a  portion  of  the  suspended  flour- 
dust  was  deposited,  the  air,  still  laden  with  dust,  passed,  in  the 
Tradeston  as  in  other  flour  mills,  to  another  chamberj  called  the 
stiTo  room,  where  a  further  quantity  of  the  flour  dust  would  deposit 
A  connected  series  of  chanuele  and  larger  enclosed  spaces  was  there^ 
fore  fllled  with  a  dust-laden  atmosphere,  through  which  flame  was  m 
rapidly  transmitted  from  the  millstones  where  fihe  first  ignitiou 
occurred  m  to  produce  violeot  explosive  &ftecta>  which  succeeded 
each  other  with  rerj  great  rapidity  in  diflerent  parts  of  the  building. 
The  production  of  the  blaze  at  the  millstones  was  ohserred  to  be  i 
immediately  succeeded  by  a  crackling  noise  as  the  flame  rapidly 
Bproad  through  the  conduits  to  the  exhaust  box  upon  an  upper  floor, 
whence  a  loud  report  almost  at  once  proceeded » 

Messrs,  Bnnkin  and  Macadam^s  inquiries  elicited  the  facts  that  | 
other  flour-mill  explosion e  had  been  attended  by  a  similar  sucoeasioo 
of  effecta  to  those  above  indicated,  and  that  at  the  Tradeston  Mills 
themselves  a  less  violent  explosion,  resulting  in  the  bursting  open  of 
an  exhaust  box,  attended  by  injury  to  some  workmen,  and  the  blowing 
out  of  windows  and  loosening  of  tiles,  had  taken  place  on  a  prerionA 
occasion.  In  the  later  accident,  the  more  violent  explosion  of  tba 
exhaust  box  was  foUowod  by  other  distinct  explosions  in  distant  parts  of 
those  extensive  mills,  to  which  lire  waa  led  by  the  dust-laden  air  existing 
in  the  many  channels  of  communicatiuu^  and  in  which  the  deansing  and 
fiiftiog  operations,  all  attended  by  tho  escape  of  dust,  were  carried  on, 

Messrs,  Eankin  and  Macadam  ascertained  that  accidents  of  this 
nature  at  flour  mills  were  of  frequent  occurrence,  especially  since  tho 
exhaust  arrangements  had  been  applied  to  the  larger  flour  mills,  and 
in  their  report  they  point  out  that  it  seems  scarcely  possible  to  guard 
against  such  accidents,  though  their  frequency  may  be  reduced  by 
adopting  efllicient  precautions  for  avoiding  the  stoppage  of  tbe  feed 
to  the  millstones  and  the  access  of  nails  or  other  iron  particles  to 
the  stones;  and  by  prohibitiug  the  employment  of  naked  lights  in 
the  Ticinity  of  the  mills  or  dust  passages.  They  also  suggest  that 
measures  should  be  taken  to  reduce,  as  far  as  possible,  the  violence  of 
explosions  and  the  risk  of  injury  to  life  and  property,  by  constructing 
all  receptacles  iuto  which  the  duet-laden  air  is  drawn  or  passed  froxn 
the  mills,  &c,,  as  lightly  as  possible,  so  as  to  offer  little  reaistanoe  fee 
tho  sudden  expansion  due  to  the  ignition  of  an  iuflammable  mixture, 
and  by  placing  such  receptacloH  as  the  exhaust  box  and  etive  Toom 
outside  the  building. 

Since  the  publication  of  Messrs.  Bankiii  and  Macadam's  Taloable 
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f^rt,  the  accideote  at  floor  millB  appear,  however,  to  have  be^n 
nroelj  less  nnmcrous  or  diBastroua  him  before  the  date  of  tlie 
^ndertoti  cfttaetrophe.  Thus,  io  September  1874,  a  flimilar  though 
Imb  Berious  explosion  occorred  at  the  Port  Dan  das  City  Mills,  and  in 
Mij  another  floar-miU  explosion,  quite  nn paralleled  for  its 

dfiftraetiTe  effects^  occurred  at  MinneapoliB,  Miuneeota,  where 
eighteen  liTes  were  lost  and  distinct  corn  mills  were  destroyed. 
Jfr.  Peckham,  writing  after  the  event  from  the  University  at  Min- 
Mipolis,  states  that  two  dull  explosiona  rapidly  sacceeding  each  other 
wBpe  heard  by  him,  and  on  looking  towards  the  mannfactaring  part  of 
the  city  a  large  folume  of  bla<^  smolte  was  seen  to  envelop  the 
tpot  where  the  Washhnm  A  Mill  stood,  a  column  of  smoke  being  at 
the  fiame  time  projected  to  a  height  of  seTeml  hundred  feet.  A  storm 
mm  Mowing  at  the  time  in  the  direction  from  the  Washburn  Mill  to 
o&er  mLlls  in  the  neighbcmrhood,  and  in  about  five  minutes  from  tho 
Wine  that  the  explosion  was  heard  five  neighbouring  mills,  with 
idjoining  premises,  were  in  flames.  Persons  who  wero  in  close 
fiemity  to  the  scene  of  the  calamity  at  the  time  of  the  first  ex  plosion 
hflvd  A  succession  of  sharp  biasing  sounds,  doubtless  caused  by  the 
fWT  rapid  spread  of  flame  through  the  dust-ladon  air  in  the  paaeages 
lading  &om  the  mills  to  the  exhaust  box,  and,  at  the  instant  of  the 
1,  the  Waahbuni  A  Mill  was  observed  to  he  brilliantly  illu- 
from  top  to  bottom.  The  nearest  mill  to  the  latter  was 
leel  distant  J  and  appears  to  have  exploded  directly  the  ftames 
throngh  the  first  milL  The  explosion  of  a  third,  25  feel 
from  the  second,  followed  almost  immediately ;  and  the 
three  mill%  about  150  feet  distant  in  another  direction, 
at  once  flred.  Windows  were  thrown  out  of  buildings  about  a 
•wrier  of  a  mile  distant,  conse^iuent  upon  the  back  rush  of  air 
MlaiwiDg  the  explosion^  and  portions  of  the  building  materials  were 
projeeted  to  very  considerable  distances.  The  cause  of  the  explosion 
mm  eai«ftilly  inquired  into  (by  Messrs.  Pick,  Peckham,  &c.),  and  it 
vma  Attiibnted  to  fire  being  generated  by  the  stoppage  of  the  feed  to 
a  pair  of  ttonea,  or  by  the  accidental  passage  of  some  very  hard 
iateanee  between  them.  The  consequent  explosion  of  dust -and- 
nr  aixtiire  round  the  stones  and  in  tho  communicating  passages 
■died,  by  its  concusaiou,  to  tho  quantity  of  dust  suspended  in  the  air 
is  ^i0Brent  parts  of  tho  mill,  and  a  second  more  violent  explosion 
w  tlkiia  imniediately  brought  ahoat.  The  attention  of  Professor 
lAwrenoe  Soaith  was  directed  to  tho  subject  of  flour-mill  explosions  by 
lUaiimdeni,  and,  in  a  letter  to  M»  Dumae,  of  May  4th,  1378,  which 
llw  poWahed  in  the  *  Annales  de  Chimie  et  Pbysique/  ho  states  his 
mmwyt^m^  baaed  opon  experimental  inquiry^  that  such  accidents  are 
ll»  la  tlie  fonnation  of  explosive  mixtures  of  finely  divided  organic 
MUen  (such  as  flour)  with  the  air,  and  refers  to  this  as  a  revelation  '~ 
if  tiio  extftenoe  of  a  previously  unknown  danger  connected  with  an 
isdnaky,  being  apparently  unaware  of  its  elucidation  by 
and  Macadam,  and  Watson  Smith  in  1872, 
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Attontion  lias  again  been  recently  directed  to  tliia  subject  of  flour- 
dust  eiploeions  by  a  fatal  and  eitenflive  calamity  of  tho  kind  whick 
occurred  at  a  flour  mill  at  Macclesfield  in  September  ISSl,  and  bfts 
been  maile  the  subject  of  an  intereflting  report  to  the  Home  Secretary 
by  Mr*  T,  J,  Biohards,  of  tho  Board  of  Trade,  in  which  he  confirma 
tho  conclusions  of  Messrs.  Rankin  and  Macadanij  and  repeats  the 
rccommendatioDB  made  by  them. 

In  this  particitlar  case,  again,  there  appears  to  have  been  no  doabt 
that  the  inflaiomfttion  of  the  diist-and-air  mixture  Burrounding  a 
particular  pair  of  millatones  was  due  to  the  stones  reoiainiDg  empty 
for  some  time,  BufEcient  heat  being  consequently  developed  to  ignita 
some  portions  of  flour  dust  existing  betwecu  the  bearing  surfacee. 
One  of  the  owners  of  this  mill  deposed  that  he  had  soen  flame  pro- 
duced by  stones  when  remaining  empty,  and  that  the  appearance  of 
the  stones  in  question  convinced  him  that  flame  had  been  thm 
produced.  A  very  dry  grain  wafi,  moreover,  being  ground  at  the  time 
of  tlio  explosion,  A  strong  consensus  of  opinion  appears  to  exist  that 
it  is  very  difficult,  with  the  best  arrangements  for  feeding  tho  miil- 
Btones  with  grain,  to  guard  against  their  running  empty  occasionally^ 
and  there  is  no  doubt  that  on  these  occasions  portions  of  flour  are 
exposed  to  heat  sufficiently  great  to  char  and  sometimes  even  to  ignite 
them.  In  connection  with  this  effect  of  the  heat  to  which  portions 
of  flour  may  be  exposed  between  "  dry  "  stones,  the  opinion  of  an 
"  experienced  per  eon  (quoted  as  a  regrettable  one  by  Mr.  Eichards^ 
deserves  not  to  be  lost  sight  of.  It  is  to  the  eflect  that  a  stive  room 
can  at  all  times  be  safely  entered  with  a  naked  light  except  when 
there  is  observed  the  peculiar  odour  which  is  noticed  there  when  one 
of  the  millstones  has  been  previously  running  empty*"  It  is  not 
difficult  to  demonstrate  that  fine  flour  mry  thickly  suapended  in  air 
will  produce  with  the  latter  an  inflammable  mixture,  through  which 
flame  will  be  rapidly  transmitted ;  there  is  also  no  doubt  that  if,  as  is 
frc^^uently  ^lo  case,  the  enclosed  diist-and'air  mixture  in  the  air- 
passages  of  a  mill  is  somewhat  warm,  the  propagation  of  flame 
through  tho  mixture  will  be  facilitated.  But  experimental  observa- 
tions which  the  lecturer  has  had  occasion  to  make  in  connection  with 
another  branch  of  the  subject  of  this  discourse,  lead  bira  to  consider 
it  not  impossible  that  the  development  of  even  very  small  quantities 
of  inflammable  gas  or  vapour  from  flour  particles  which  become 
heated  between  "  dry "  stones  to  an  extent  to  be  charred,  may^  in 
some  cases,  decidedly  facilitate  the  propagation  of  flame  by  a  parti- 
cular mixture  of  dust  and  air,  which  might  otherwise  only  be  bordering 
upon  an  explosive  mixture. 

Mr.  Richards  calls  attention,  in  an  appendix  to  his  report,  to  four 
very  disastrous  fires  which  had  occurred  in  flour  mills  at  Wakefield, 
York,  Liverpool,  and  Deptford,  within  two  months  of  the  completion 
of  bis  report,  tlje  origin  of  tho  fire  being  in  each  cose  unknown* 
There  is  no  doubt  that  tlie  number  of  fires  oocnrring  in  com-  and 
rice-millsj  the  origin  of  which  ia  wrapped  in  obscurity,  is  very  great  | 
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ind  it  it  stated  tipon  good  autbority  ttat  only  about  20  per  cent*  of 
the  explosioQfi  in  flour  mills  ivbicli  can  be  actually  subslantiivted,  are 
made  public,  the  miller  beiog  unwilling  to  direct  increased  attention 
to  tbe  risks  of  bis  business,  wbicb,  as  it  is,  have  gi^on  rise  to  the 
MtahLiBhrnent  of  high  rates  of  insurance  upon  corn  mills.  If  efficient 
meunres  can  be  adopted  in  mills  for  preventing  the  dispersion  of 
§aB  flaiu^ii£t  bj  other  than  the  comparatively  imperfect  contri- 
i»Doe»  for  promoting  its  partial  deposition  (as  in  the  exhaust  box 
and  stive  room),  flotir-mill  e^ploaions  will  certainly  be  reduced  in 
^eq^neocy  and  importance.  The  efBeiency  of  at  any  mto  one  simple 
device  for  arresting  the  dust,  by  a  species  of  filtration  of  the  air 
which  is  ^removed  from  the  mill  stone  chambers,  seems  to  have  been 
already  decisiyely  demonstrated  by  pmctical  results,  and  tboro  appears 
TtMon  to  hope  that  the  mUlowner  will  ere  long  have  no  valid  excuse 
fbr  permitting  a  continQance  of  conditions  favourable  to  what  have 
tff(pGuet>A  to  be  hidden  risks  of  danger  to  his  property  and  to  the 
Mw  of  those  whom  be  employs. 

There  appears  no  doubt  that  some  instances  of  explosion  or  of 
very  imptdly  spreading  fire  in  flour  mills  have  been  ascribable  to 
ibs  emplojrment— accidentally,  or  with  the  permission  of  those  in 
aotlion^ — of  naked  lights  in  the  vicinity  of  particular  parts  of  the 
betory  where  dust  may  be  thrown  into  the  air  in  large  quantities.  An 
eiplofiioii  froBi  tMs  cause  occurred  at  the  mills  of  Messrs.  Ellis  and 
Co.,  of  Bradford.  A.  spout  from  a  sieve  having  become  choked,  a 
un  removed  the  lid ;  a  quantity  of  dust  at  once  flew  out,  and  the 
■ttiiimiy  meeting  eith&r  a  hunp  in  the  man^a  hand  or  a  naked  gas 
iatM  elooe  by,  exploded,  rendering  the  man  insensible;  the  flame 
■■Mai  ^ong  an  enclosed  belt  to  a  box  containing  a  fan  which  was 
bvTlig  a  bUet  of  air  into  five  purifying  chambers ;  these  purifiers 
wero  fired  simultaneously,  and  the  explosion  then  passed  to  the 
■djftOQDt  exbanst  purifiers  and  thence  to  the  dust  room,  so  tkat  the 
fiJU  mm  fired  throughout  almost  immediately.  In  another  itietaBoe, 
liie  ioor  of  a  meal  Gbatnber  broke,  letting  through  the  flour,  which,  on 
fJliBg  into  the  air^  was  ignited  by  a  flame  in  the  vicinity,  and  speedQy 
IvihI  the  milL  Judging  from  statements  made  at  a  recent  meeting  of 
Ike  National  Association  of  British  and  Irish  Millers^  the  opinion  is 
OBlertel]^  by  many  millowners  that  the  running  of  millstones 
mKptj  mnek  not  be  credited  with  too  great  a  share  in  the  origination 
of  enlecloiis  or  fires  in  mills ;  but  that  many  are  caused  by  the 
n-ceOed  aooidentnl  ignition  (by  naked  flaroes)  of  dust-atid-air 
uLilefm,  If  such  be  the  case,  grave  responsibilities  are  incurred  by 
maShmnexm  ami  maiiagers  who  permit  the  existence  of  lights  other 
Ale  mi^j  lamps  in  leealities  where  there  is  any  possibility  of  a 
MBiseble  quantity  of  dust  becoming  suependod  in  the  air,  or  do 
lil  arteiWieh  and  strictly  enforce  regulations  prohibiting  the  carrying 
c^mlDed  lights  in  or  near  any  working  part  of  the  mill. 

The  important  part  played  by  ceal  dust,  which  exists  in  greator  or 
Itiiilnndaiice  in  all  coal-mino  workings,  in  aggravating  and  extending 
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the  injurious  efiecte  of  fire-damp  explosions,  was  origiiiallj  pointed 
out  with  great  force  hy  Mcsbts.  Farodaj  and  Ljell,  in  the  report  whicli 
they  submitted  to  the  Home  Secretnry,  iu  1845,  on  the  explosion  at  the 
Hftswell  Collierioa  in  September  1844,  and  on  the  means  of  preventing 
similar  accidents.  It  Joes  not  come  within  the  scope  of  thh  dis* 
course  to  examine  into  the  chief  part  of  this  most  interedting  and 
instructiTe  report^  which  deals  exhauBtirely  with  the  cause  of  the 
exploHion  and  the  means  of  guarding  against  the  recurrence  of  mich  a 
calamity ;  but  the  lecturer,  having  had  occasion  to  stady  carefully 
wbat  bas  boon  publighod  on  the  subject  of  coal-mine  exploeioua  and 
their  causos  within  the  last  three  years,  cannot  forbear  painting  out 
that  the  observations  and  concltiaions  published  by  Faraday  and  Lyell 
thirty-seven  years  ago  have  been  reptsatedly  renslothed  with  the  garb 
of  originality  by  workers  who  have  but  extended  and  amplified  the 
original  observations  of  those  eminent  men. 

After  discussing  the  subject  of  the  accumulation  of  fire-damp  in 
the  goavoe  of  the  mines,  itB  diglodgement  by  the  drawing  of  jnds,  by 
falls  of  the  roofs  in  the  goaves,  and  by  changes  in  atmospheric  preasure, 
its  diffusion  into  the  surrounding  air  in  the  mine  ways,  its  ignition 
by  a  defective  lamp,  and  the  spreading  of  the  flame  to  the  gas- 
mixture  with  which  the  goaf  was  charged,  the  reporters  eay :  "  In 
considering  the  extent  of  the  fire  from  the  moment  of  the  explosion^ 
it  is  not  to  be  supposed  the  fire-damp  was  its  only  fuel ;  the  coal  dust 
swept  by  the  rush  of  wind  and  fiame  from  the  floor,  roof,  and  walls  of 
the  works  would  instantly  take  fire  and  burn,  if  there  were  oxygen 
enough  present  in  the  air  to  support  its  combustion  ;  and  we  found  the 
dust  adhering  to  the  faces  of  the  pillarH,  props,  and  walls  in  the  direc- 
tion of  and  on  the  side  towards  the  explosion,  increasing  gradually  to  a 
certain  distance  aa  we  neared  the  place  of  ignition.  This  deposit  was 
in  some  |)arts  iiatf  an  inch^  in  others  almost  an  inch  thick  ;  it  adhered 
together  in  a  friable  coked  state.  When  examined  with  the  gloss  it 
presented  the  fused  round  form  of  burnt  coal  dust,  and  when  exiuninad 
chemically  and  compared  with  the  coal  itself  reduced  to  powder*  waa 
found  deprived  of  the  greater  portion  of  the  bitumen,  and  in  some 
instances  entirely  destitute  of  it.  There  is  every  reason  to  believe 
that  much  coal  gas  was  made  from  this  dust  in  the  very  air  itself  of 
tbe  mine,  by  the  flame  of  the  fire-damp^  which  raised  and  swept  it 
along,  and  much  of  the  carbon  of  this  dust  remained  unburn t  only 
fur  want  of  air. 

"At  first  we  wore  greatly  embai'rassed  by  the  circumstance  of  the 
large  number  of  deaths  from  choke-damp,  aud  in  the  evidence  that 
that  had  been  present  in  very  considerable  quautltiee  compared  with 
the  small  proportion  of  fire  damp,  which,  in  the  opinion  of  those  in 
and  about  the  works  just  before,  must  have  occasioned  the  explosion. 
Butf  on  consideration  of  the  character  of  the  goavos  as  reservoirs 
for  gaseous  fuel,  and  the  effect  of  dmt  in  the  miW,  we  are  satisfied  thai 
these  circumstances  fully  account  for  the  apparent  discrepancy.*' 

On  January  17th,  1845,  Faraday  delivered  a  discourse  to  the 
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membera  of  the  Bojal  Inetittiticin,  in  which  he  dealt  with  the  subBtance 
of  tlie  abore  report,  and  with  the  exporimental  inquiry  made  hy 
hhnffftlf  with  refepsoce  to  the  provision  of  meaiifl  for  preventing  a 
ieenmo4»  of  Boch  disasters  ae  that  at  HoswelL  In  a  brief  account  of 
tluB  lectnre  pobliahed  in  the  number  of  the  Alhetifmrn  following  its 
ddirery^  the  enbetanc©  of  his  remarks  relating  to  the  eflfett  of  coal- 
ihast  is  given  in  these  words ;  *'  The  ignition  and  explosion  of  the 
(fire-^amp)  miitDre  would  raiBe  and  then  kindle  the  coal  dust  whieh 
ii  alumjB  pervading  the  pasBagoE,  and  these  ejects  mtist  in  a  moment 
hai«  nwde  the  part  of  the  mine  which  was  the  ficene  of  the  calamity 
glow  like  a  furnace." 

The  report  of  Faraday  and  lijell  was  published  in  the  '  Philo- 
iO|Jiiieal  Magazine'  for  January  1345,  and  was  followed  by  a  letter 
from  Faraday  in  the  February  nimiber  of  the  same  publication,  in 
which  he  referred  to  the  lecture  just  delivered  at  the  Royal  Institu- 
tion, and  made  farther  auggestions  with  respect  to  the  method  of 
ventOating  the  mines  snggeBted  in  the  report*  But  it  appears  that 
tbeMi  pubUcatzons  remain^  long  unknown  in  France,  for  in  1855 
X.  dn  Sonicli,  Chief  Government  Mining  Engineer  of  the  Saint  Etienne 
mosidiasemeDt,  when  referring  to  an  explosion  which  had  occurred  at 
^nmnj,  advanced,  as  new,  the  view  that  the  deposition  of  crnets  of  a 
li^t  coke  upon  the  props  wa»  due  to  dufit  which  was  swept  up  and 
Iztiicpcirted  to  a  distance  by  the  violent  cnrrent  produced  by  the  ex- 
liAiioii,  and  which,  being  in  part  inflamed,  would  carry  on  and  pro- 
Ing  the  eflbcts  of  the  firenlamp.  The  fact  that  men  near  the  pit's 
MOOftli  received  bums  and  other  injuries ^  while  others  who  were  in 
wkiDgp  n^r  the  seat  of  the  exfilogton,  but  out  of  the  main  atr< 
Mmiit,  escaped  nnhurii,  was  ascribed  by  him  to  this  ignition  and 
cafriaga  of  flame  by  dust.  Had  the  results  of  the  explosion  been 
nlinlj  doe  to  the  mine  being  highly  charged  with  gas,  the  explo- 
lioB  ninEt^  he  conaidered,  have  extended  to  those  |>erttons.  On  the 
•ecuion  of  two  esploeioni?  in  1361,  M,  dn  Souich  again  dwelt  upon 
kii  viewa  regiu-ding  the  part  played  by  coal-dust  in  increaBing  the 
JiMilnnui  e&cts  of  fire-damp  eic plosions.  In  1861 -G 7,  H.  Verpilleux 
iMiilittnil  experiments  which  led  him  to  the  conclusion  that  coal  dust 
pliji  •&  important  part  in  coal-mine  explosions ;  the  subject  was 
■Ih>  pmrned  hy  several  other  French  mining  engineers  at  about  the 
■M  tSI9#,  and  espeeiaHy  by  Yital,  who  made  some  experiments 
to  m-  imll  Bcale^  in  1875,  in  connection  with  an  inquiry  inU»  the 
MiiiTOMid  eatise  of  an  explosion  which  had  occurred  the  year  bef*^re 
•I  tiw  Qunpagnac  Colliery,  and  in  a  part  where  no  fire-damp  hnd 
mer  baen  detected.  An  examination  for  gas  had  been  made  by  the 
wmmui  with  a  Mueseler  lamp  just  before  a  shot  was  fired ^  and  after 
Ife  ini  thot|  ft  iiecond  shot  was  prepared,  and  the  fuzo  having  been 
iglttled,  the  men  retreated,  when,  after  a  short  interval,  an  explosion 
look  place,  and  the  men  stated  that  they  saw  a  body  of  reddiBh  flame 
i^fta^iiig  upon  them.  After  examinLog  the  nature  of  dust  collected 
in  th«  ntiuo,  and  instituting  some  special  experimcnti  upon  a  very 
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small  scale  for  the  pnrposo  of  aBcertaining  wlietlier,  and  to  what  extent, 
the  flame  from  a  Bmell  charge  of  powder  was  lengthened,  when  pro- 
jected, like  the  ^ame  from  a  hlown-out  shot,  into  air  conbunuig  fine 
coal  dust  in  Baepension,  M,  Vital  concluded  that  very  fine  coal  dtifit, 
very  rich  in  volatile  (inflammable)  conetitaents,  will  take  fir©  when 
raiBed  by  an  explosion,  and  that  portions  of  the  eoal  a^e  Bueceasirely 
decomposed,  yielding  explosive  mixtures  with  the  air,  whe^^by  the 
fire  is  carried  along ;  the  mtoneity  or  violence  of  the  hnroing  being 
much  influenced  by  the  physical  characters  (fijQeness,  dtc.)  of  the 
dust    He  aUo  pointed  out  that  an  explosion  of  fire-damp,  while 
taking  place  almost  instantaneonsly,  inflames  or  decomposes  a  small 
quantity  of  coal  dijst  rai&cd  thereby ;  explosive  action  being  thus 
propagated  after  the  fire-damp  explosion  has  ceased.    Soon  afl^ 
M.  Vital'g  investigation  of  the  subject,  Mr.  W.  Galloway  oomnienced  a 
aeries  of  valuable  experiments  upon  a  larger  scale,  with  the  view  of 
mvestignting  the  influence  of  coal  dust  in  colliery  explosions,  and  the 
results  were  communicated  by  hiin  to  the  Royal  Society  in  two  papen  t 
in  1876  and  1879,    The  conclusietis  to  which  Sir.  Galloway  waa  led 
by  the  experiments  described  in  his  first  paper,  were  to  the  effect  that 
a  mixture  of  air  and  a  particular  coal  dust  which  had  been  made  tba 
subject  of  chemical  examination  and  practical  experiment  was  not 
inflammable  at  the  ordinary  pressure  and  temperature,  but  that  the 
presence  of  a  very  small  proportion  of  fire-dBmp  in  the  air,  the  exist-  I 
ence  of  which  could  not  be  detected  with  the  U^vy  lamp  by  the  inci0l 
experienced  observer^  rendered  this  dust  inflammable,  and  oaused  it  < 
to  bum  freely  with  a  r^d,  smoky  flame.    From  this  it  was  inferred  j 
that  an  explosion,  when  originated  in  any  way  whatever  in  a  diy  and 
dusty  mine,  may  extend  iteelf  to  remote  parts  of  the  workiiigB,  where 
the  presence  of  fire-damp  was  quite  unsuspected. 

In  his  second  paper,  Mr.  Galloway  shows  that  the  return  air  of  a 
fiery  mine  which,  though  furnishing  no  indication  of  the  presence  of 
gas  when  examined  in  the  usual  way  (by  means  of  a  Davy  salely 
lamp),  might  in  his  opinion  contain  from  *2  to  2*5  per  cent,  may  i 
be  rendered  inflammable  by  suspending  coal  dust  in  it^    He  also 
described  experiments  by  which  it  appeared  to  be  demonstrated  that 
the  flame  produced  by  the  explosion  of  fire-damp  in  a  particular  part 
of  a  mine  might  be  propagated,  at  any  rate  to  some  extent,  by  coal' 
dust  nuBod  by  the  explosion  and  suspended  in  the  air  travelling  thtttogh 
the  mine,  even  in  the  camphte  absence  of  firo-domp  in  the  air.  The 
apparatus  used  by  Mr,  Galloway  was  constructed  on  a  somewhat  exieu- 
sive  scale.    In  connection  with  the  channel  or  gallery  through  which 
a  current  of  air,  with  or  without  coal  dust  in  suspension  was  passe^l,  was 
a  receptacle  in  which  a  mixture  of  pit  gas  (from  Llwynpia  Colliery) 
and  of  air  woe  prepared  and  exploded.    The  direct  CQmmunieatioii 
between  the  gas  vessel  and  the  gallery  (representing  a  mine  way)  wis  | 
only  interrupted  hy  a  diaphragm  composed  of  from  two  to  sij^  leiVQt  I 
of  newspaper  ;  this  separator  being  burst  through  by  the  explomou  of  I 
a  mixture  of  nejirly  two  cubic  feet  of  fire-damp  with  the  requisite  pro-  J 


|ioit£ot)  of  nir.  The  coal  dtiit  was  plooed  ou  the  door  of  the  gallorj 
and  mpon  i^ertaiti  Bbclrcs  fiicd  in  iL  It  appenred  open  to  quo^tion 
wbather,  wilb  the  omplojiueiit  of  iAns  apparatus,  there  waa  not  « 
ponbility  of  very  ssmlX  qntmtities  of  Ere-damp  penetmting,  before 
liie  explostoB,  iulo  the  gallery  from  the  explosive  chamber,  through 
&e  amngemant  aboYo  alluded  io,  and  whether  the  resulta 

«teliied  in  the  gallery  mighty  consequently,  be  accepteii  m  produced 
•oliij  by  the  efiect  of  the  concoasiou  produced  and  fliune  promoted 
hf  the  g&€  ci  plosion  in  the  separate  chamber. 

In  &  pftper  just  communicnteJ  to  the  Royal  Society,  Mr.  Galloway 
■ignea  tli^i  any  amount  of  gas  which  may  thus  eeCApe  into  tbe  gallery 
anst  bt»  altogether  inaignificant  aa  regards  any  possible  iDlitieuc^ 
vpoii  tbe  results  obtained* 

Tbe  conelosion  now  arriYed  at  by  Mr.  Gollovyay,  as  the  result  of 
contiitQed  experiments  with  this  apparatus,  of  whieh  he  bas  just  given 
a  tetbetr  ftcoonnt,  and  of  his  examluation  intc:t  the  eSeeis  produced  by 
the  Fenjgittig  explosion  in  December  1880,  and  the  Kisca  and 
gfihatn  explosions  of  that  year,  is  conErmatory  of  that  published 
hf  Mm  lost  year,  namely,  that  the  very  docidcd  view  which  he  iirst 
Md,  **ibAt  a  mixture  of  air  and  coal-dust  is  not  infiamntablG  at 
«lzBuj  pressure  and  temperature  without  the  presence  of  a  small 
ftopotticm  of  fire-damp,"  has  not  been  borne  out  by  his  further 
mfmmeutBf  as  he  considers  that  he  has  now  shown  conclusiTcly 
fMi  itflMfkmp  is  altogether  nnneceBsary  for  the  propagation  of  Eome 
ttxploei^  effects  by  ft  mixture  of  coal  dust  and  air,''  when  the 
Mle  im  wkioth  the  experiments  are  made  is  large  enough,  and  when 
Ihs  foeoiew  and  dryness  of  the  dust  are  unquestionable/' 

This  4»ticlus]on  coincides  in  the  main  with  that  amved  at  in  1878» 
at  tbe  re^t  of  experiments  by  Professor  Freire  Marreco,  conducted 
m  eoliaieetioin  with  the  North  of  England  Institute  of  Mining  and 
Meebaaical  Engineerfi,  which  Society,  as  well  as  the  Chesterfield  and 
Derbyshire  Institute  of  Engineers,  has  laboured  very  usefully  in  this 
^itactioa  ootemporaneously  with  Mr«  Galloway.  The  most  recent 
wiMiTnn'nipfl  of  ike  latter  in  respect  to  coal  duat  were  in  fact  foro- 
AitM  bj  those  which  the  lat€  lamented  Professor  Miarreco  in  asso- 
ifalion  with  Mr,  P.  Mori  son  oommunici^tod  to  tho  Brst-nameil 
iMtituto  IB  NuTcmber  1878^  and  which  were  published  in  its  Trans^ 
mtkmm  ef  that  date. 

Mfgrn.  Marreoo  and  Morison's  experimcute  were  carried  out  in 
Ipfllii^ii  or  long  boxes,  representing  mine  workings,  though  on  a 
MQer  soale  thi^  Mr.  Galloway's  later  apparatus^  and  constructed 
■Bevb*!  diflerently  in  their  details.  The  apparatus  used  by  them 
li  fiiiioii  Colliery  (and  with  which  experiments  have  since  been 
^^wiilHied  try  Messrs.  Lindsay  Wood  and  G.  May),  was  in  fact  a 
IsqUs  gaQery,  so  arranged  that  the  air  current  which  passed  into 
*M  gftUery  inade  ite  exit  at  the  end  of  the  second,  alongside  the 
loist  iff  ila  first  entrance.  The  mode  of  proceeding  wae  to  Ere  suc- 
Bfvly  Ivo  |K>wder  shots,  in  different  positions  in  the  gallery  box, 
?ouX.   (No.  75.)  a 
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from  small  cannon,  bo  as  to  ropresont  blown-out  slioU  in  the  effects 
produced  ;  coal  dost  was  placed  upon  the  floor  of  tlie  box,  and  one 
shot  was  tirflt  fired  agamst  the  air  current  wliicb  was  passing  at  a 
known  velocity.  The  duet  cloud  thereby  raised  was  carried  along  by 
the  current  aud  a  second  shot  was  fired  into  it,  and,  in  a  large  nanaber 
of  experiments  mado  with  mauy  different  descriptions  of  dust,  the 
flame  produced  by  the  socoud  shot  was  increased  by  that  of  inflamed 
dust,  a  comparatively  clear  flame  being  Bometimes  produced,  while  in 
other  instances  it  waa  accompanied  by  a  shower  of  sparks.  The  view 
taken  by  Vital,  Marreco,  and  others,  regarding  the  action  of  ooal- 
dust  in  propagating  flame  in  air  froe  from  fire-damp,  is  to  the  effect 
that  the  fli'st  portions  of  dust  acted  upon  hy  the  inflamed  gases  of  the 
shot,  liberate  i  a  flammable  gas  winch  mi^os  with  the  air,  and  is  firefl, 
tbe  non -volatile  part  of  the  coal  being  in  part  consumed  and  in  part 
deposited  as  a  fef?l)le  coke.  Some  examination  of  coked  deposits  of  dust 
sent  to  Marreco  subBequciitly  by  Mr.  Galloway,  confirmed  the  obser- 
vations originally  mail©  by  Faraday  and  Lyell,  that  the  coal  dust  Is  in 
part  submitted  to  destructive  distillation  during  the  progress  of  the 
flame  through  the  duBt-lsden  air.  Marreco  considers  that,  although  a 
proportion  of  the  heat  developed  by  the  burning  dujst  ia, absorbed  by 
the  gasification  of  the  coal -constituents,  the  boat  of  combustion  of 
theae  suffices  to  leave  a  margin  for  the  carrying  on  of  the  action  from 
one  particle  of  dust  to  another,  provided  theae  be  in  sttfficiently 
close  proximity  to  each  other. 

In  the  experiments  made  by  the  Cheeterfield  and  Derby sMre 
Institute  of  Euginoeri^  in  a  very  long  gallery,  roBults  were  obtained 
very  similar  to  those  of  Marreco  and  Morison,  and  it  was  also  found 
that  a  lengthening  of  a  gas  flamo,  which  was  placed  in  the  gallery, 
could  be  obtained  by  cousiug  the  current  of  air  to  carry  with  it  thick 
olouda  of  some  descriptions  of  coal  dust. 

Many  instances  are  on  record  in  this  country  and  others  of  the 
flring,  witk  semi-eiplosive  violence,  of  clouds  of  coal  dust,  pro<luced 
either  in  tke  open  air,  or  in  localitiea  where  no  fire-^amp  could  exist, 
eome  portions  of  the  mixture  of  du^^t  aud  air  bnviug  come  into  contact 
with  a  flame  or  fire.  Thus  Marreco  and  Mori^ou  mention  a  caee  of 
a  conaiderable  quantity  of  coal  dust,  which  had  been  accidentally 
thro\VD  over  some  screens  at  a  pit^s  mouth,  flashing  into  flame  as  the 
dust  cloud  came  into  contact  with  a  neighbouring  fire,  and  bnming  ft 
man  very  severely ;  and  another  accident,  which  occurred  in  a  stone- 
drift,  where  it  was  believed  that  no  gas  couhl  possibly  bo  present. 
A  considerable  body  of  rock  waa  dislodged  and  coal  dust  raised 
by  the  firing  of  a  ehotj  the  flame  of  which  fired  the  air-aiid-dust 
mixture,  with  very  miscbievoua  reaiilts.  From  50,000  to  60,000  cubic 
feet  of  frofih  air  were  said  to  be  passing  through  the  drifl  per  minute 
when  this  accident  occurred. 

There  appear  good  grounds  for  bolicviug  tliat,  provided  coal  dust 
be  sufficiently  fine  and  thickly  auapendod  iu  the  air,  and  of  a  readily 
inflammable  nature,  fire  may  travel  to  a  considemble  distance  in  the 
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worldiig  of  a  mine,  tkrougli  its  agency,  in  the  complete  absence  of  fire- 
diiop.  Tbe  etlecte  of  tmnsmissioD  of  flame  m  this  way  wauld  be 
daeide^y  dLfierent^  and  mnch  inferior  in  violence,  to  those  produced 
iij  mn  explosion  of  fire-dftnip  and  air,  or  of  a  miihir©  of  these 
with  coal  duet ;  the  comparative  sutldennees  of  the  gae  explosion 
wenlil  prodace  greater  defitraetion  and  less  burning  effects  than  the 
ooiiip«ntively  gradual  explosion,  or  the  rapid  burning  of  a  dnst-and- 
ur-mixtnre.  In  the  latter  caso,  the  coal  dust  will  generally  be  con- 
ttdermbly  in  eiM^ess  of  the  air  nt^edcd  for  its  combuHtioti,  so  that, 
IkGwever  foiely  ditided,  much  will  escape  being  burned,  and  may  be 
only  vefy  partially  coked,  and  it  is  conceivable  that,  as  suggeBte<l  by 
Hr.  Galloway,  a  second  rapid  burning  or  Benii-explogion  may  be  caused 
by  the  inroah  of  air,  following  the  first  explosion,  into  the  workings, 
which  may  be  thick  with  heated  and  only  partially  burned  duBt, 
9omo  of  which  may  8 till  be  incantlcscent. 

Oofuiideniig  that,  since  first  Faraday  and  Lyell  directed  attention 
itk  tht  dangers  of  coal  dust  in  mines,  its  behaviour  has  been  made  the 
»jecl  of  many  series  of  experiments  and  published  reports  hare  and 
\  it  k  temarkable  that  in  most  inatancea  of  coal-mine  explosions, 
«Qtil  quite  i^ecently,  the  probable  e^ect  of  coal  dust  in  increasing  their 
DAgnitnde  does  not  appear  to  have  received  the  serious  attention 
vfaicli  it  meritfl  at  the  hands  of  mine  owners  and  of  those  in  authority 
oamecied  with  coal  mines.  When  the  Boyal  Gommisfiion  on  Acei dents 
IB  Uioes  wBfl  appointed,  it  collected  evidence  from  H,M,  ins|>cGtore 
of  mines,  from  experienced  colliery  owners  and  mining  engincerR,  and 
frooi  Beloctcd  pitmen,  with  respect  to  the  causes  of  accidents,  awl  that 
etideiiee  included  several  atatementa  regarding  the  poesible  influosco 
4)1  dnat  in  aggravating  explosions,  but  the  preponderance  of 
opinioa  of  ILM.  inspectors  was  against  the  view  that  explosions  cotild 
arigiiiate  with,  or  be  to  any  great  extent  propagated  by  coal  dust  m 
lie  abtence  of  fire-damp*  The  only  experiment  on  a  practical  scalo 
hantng  upon  the  Bubject  which  appears  to  have  been  made  nuiil  quite 
iteontly  is  that  of  Mr.  H.  Kail,  Mine  Inspector  of  the  N.  Wales,  i^c, 
Di^Tict,  who,  in  firing  charges  of  4  lb.  of  powder  from  a  caution  in 
m  ttlil  driven  al^nt  50  yarda  from  the  surface  in  a  coal  seam  on  the 
ecial  dust  being  sprinkled  upon  the  floor,  obtained  flame  extending 
^  liirtancca  of  BO  to  60  yards,  while  without  the  dast  the  flame  of  the 
idbot  not  extend  more  than  6  or  7  yards.*  Some  decided  opinions 
~  that  the  supposed  influence  of  coal  dust  in  aggravating 
was  over-rated,  and  that  it  would  certainly  not  lead  to 
in  the  absence  of  gas.  On  the  other  hand,  Mr.  Galloway 
ft  strong  opinion  that  some  of  the  most  extensive  of  recent 
r^pkotatmSf  such  as  those  at  Llati  and  Abercarue,  wore  at  any 
fate  largely  oontribnted  to  by  cool  dust,  and  more  recently,  on  the 
of  the  int^niry  into  the  Penygraig  explosion,  he  gave  evi donee 
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to  did  not  tiusmUia  iU  tiMute  freedaui, 
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to  the  effect  that  the  diaastrons  results  of  this  explosion  were  matuly 
if  not  entirely  aseribable  to  the  action  of  coal  dust,  supporting  tins 
opijiion  hy  the  results  of  a  initiate  e:iaMinal;ion  into  the  oondition  of 
the  pit,  of  tlie  sulicrers,  &g.,  after  tbe  aocddent. 

AY  hen  the  terrible  calamity  which  occurred  at  Seaham  Oollicry  in 
September  1880,  waa  officially  inquired  into,  the  suggestion  was  very 
docidedly  put  forwar^l  by  the  minora*  representatives,  tlmt  tbe  coal  dust 
which  eiiated  iu  large  qnantitiea  in  aome  parts  of  tho  mine^  and 
especially  near  the  spot  where  it  was  surmised  that  the  explosion 
had  originated,  might  have  had  much  to  do  with  the  accident  Indeed 
the  opinion  was  strongly  entertained  by  some  that  it  waa  entirely  due 
to  the  ignition  of  coal  dnat,  in  the  absence  of  gas,  by  the  dame  frova 
a  blown-out  shot.  The  lecltirer  was  consequGntly  req^uested  by  the 
Homo  Secretary  to  make  experiments  with  samples  of  dust  collected 
in  dififerent  parts  of  the  mine,  and  the  rcsnlts  obtained  with  them 
led  to  an  extension  of  ©xpcriments  with  dust  from  other  collieries 
in  different  parts  of  the  kingdom.  These  experiments,  carried  to  i 
certain  point  for  the  immediate  purpose  of  the  Beaham  inquiry,  have 
been  iaterrupted  for  aome  time,  but  the  Royal  Commission  lias  now 
resumed  them  with  the  object  of  obtaining  more  precise  data  in 
eonneetion  with  certain  results  which  wore  olicite*!  by  the  first  part 
of  the  invostigtttion. 

The  earlier  experiments  were  carried  on  at  the  Garswood  Hull 
Colliery,  where  a  constant  and  abundant  supply  of  pit  gas  (a  ao-oalled 
blower)  ia  brought  to  the  surf  ace,  and  was  kindly  placed  at  the  aorrioe 
of  the  Commission  by  Messsrs.  Smethurst  and  Co.,  together  with  many 
conveniences,  for  the  purposes  of  those  and  other  important  experiments 
upon  which  they  have  been  engage*!.  The  apiiaratus  used  at  Garswood 
for  the  experiments  with  the  Seabam  and  other  dusts,  was  similar  in 
chameter  U)  tliose  employed  by  Freire  Marreeo,  Galloway,  and  others, 
great  pains  being  taken  to  secure  accuracy  and  naiformity  in  the 
velocity  of  the  air  currents  passing  through  the  gallery,  in  the  pro^ 
portion  of  pit- gas,  or  fire-damp^  used  with  the  air,  and  in  the  intimacy 
of  the  mixture.  In  order  to  raise  the  air  ourrent  in  the  gallery  to  a 
temperature  similar  to  that  of  the  atmosphere  in  colliery  workingi^ 
the  air  supply  was  drawn  through  a  system  of  heated  pipes,  so  that, 
when  passing  at  as  high  a  Telocity  as  1000  feet  per  minute,  its  tempera- 
ture would  be  raised  up  to  80°  or  85°  F,  even  in  the  very  severe 
weather  during  which  aome  of  these  experiments  were  made. 

The  samples  of  coal  dust  experimented  with  were  examined  with 
respect  to  fineness,  proportions  of  volatile  matter  and  ash,  and  one  or 
two  other  points^  and  they  were  all  carefully  dried  before  use. 

£x[)4;riments  were  made  in  the  first  instance  with  a  view  ol 
ascertaining  the  smallest  proportion  of  fire-damp  which,  when  mixed 
with  the  air  passing  through  the  apparatus,  would  fnmish  an 
atmosphere  capable  of  firing  at  a  naked  flame  of  a  particular  sise, 
[daced  in  the  gallery.  It  was  next  ascertained  what  quantity  of  gaa 
below  that  proportion  was  needed  to  impart  to  the  mixture  of  air  with 
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%  l»rg«D  qtwitity  of  eacli  p&rticiilftr  coal  dtist  tli©  property  of  exploding 
tbrongfautit  the  gallery.  By  those  experimeota  iho  Baoiples  ware 
cl«fi6ed  Iq  the  order  of  tUoir  seusitiToness  to  explosioii,  o^nd  it  was 
foand  ihut  those  which  were  very  rich  in  pure  coal,  and  which 
cuol»ined  the  highest  pruportion  of  very  fine  dust  were  the  most 
Hfi&itire^  i.©,  rec^uired  the  lowest  proportions  of  fire-damp  in  air  to 
tning  them  to  explode  readily  when  suapendod  in  a  dense  cloud.  But 
with  the  famples  containing  larger  proportione  (jf  non-combuefciblo 
matter  the  order  of  sensitivenesB  did  ncit  necessarily  barmonise  with 
tbe  cotnpamtiTe  richness  of  a  Bam  pie  in  pure  coal,  nor  with  its  com- 
paratire  fineness,  and  this  was  strikingly  illustrated  by  a  sample  of 
daat  from,  one  of  tb©  roads  in  Seoham  Colliery,  which  contained  more 
tliaii  half  its  weight  of  non-combnetible  matter,  yet  ranked  only  third 
is  ordef  of  ecDsitiirenesa,  while  another  mmplCf  c<jntaintng  coneiderably 
worn  coal  and  a  somewhat  larger  proportion  of  the  finer  dast,  ranked 
iftb. 

Another  point  clearly  cBtabliBhed,and  confirming  by  more  accurate 
d«tK  the  observation 8  of  earlier  experiments,  was,  that  the  proportion 
of  UrijHlamp  required  in  a  mine  to  bring  duBt  into  operation  as  a 
nadily  exploding  material  when  thickly  8us|»ended  in  the  air  is 
kordering  upon  and  even  below  the  smallest  amount  which  can  be 
defected  in  the  atmosphere  of  a  mine,  by  the  most  pitictiBed  obfierver, 
•ith  tbe  use  of  the  Davy  lamp,  the  only  means  of  soarehing  for  gas 
Tkich  hm  until  quite  rece  ntly  been  employed  in  mines.  The  highest 
proportion  whieh  can  be  thus  detected  by  an  eiperieticed  operator  is 
itetod  to  be  about  3  per  cent.  Explosions  were  produced  by  dusts 
■Mpeiided  in  air  travelling  at  a  velocity  of  600  feet  per  minute,  when 
fini-damp  was  present  in  proportions  ranging  from  to  2  to  2*75  per 
ccBi,;  in  currents  of  low  velocity  the  same  result  was  produced  with  a 
tMiitiTe  dnst  in  the  presence  of  only  I'b  per  cent  of  fire-damp,  and 
igiiitkvo«  which  apjiroachcMil  exjilosions  in  their  nature  and  extended  to 
eonatderablo  distances,  were  obtained  vdi\\  this  dust  in  air  containing 
itill  smaller  proportions  of  gas.  Mlxtiircs  of  fire-damp  and  air 
bordemig  Qp^n  those  which  will  ignite  upon  the  approach  of  fiame, 
WW  ffMud  to  be  instantaneously  fired  by  a  himp  if  they  contained  only 
a  lew  particles  of  dust  in  suspension «  and  in  connection  with  this  fact 
liie  tntetcsting  observation  was  made  that  such  dust  particles  need  not 
ht  niJ«ininable  nor  combustible  to  produce  the  result  named.  Id  ixturos 
if  air  and  gas  which  passed  a  naknd  flame  without  any  symptom  of 
ifW^*^ii  were  inflamed  when  particles  of  a  fine  light  i>owder,  such  as 
calclMd  magnesia  wer«  suspended  in  them.  The  action  of  certain  of 
Ihs  pt  dit^  which  contain  comparatively  little  coal,  in  determining 
tkt  Ignition  of  mixtures  of  air  and  small  proportions  of  fire-damp,  is 
poadbly  «^  the  same  character  as  the  behaviour  of  euch  a  dust  as 
Ctletpeid  raagneda.  The  power  of  favouring  the  ignition  of  mixtures  of 
fiffiB  lfcifii|»  and  air  was  not  exhibited  by  some  other  powders  simikr  iu 
iiMftlM  to  the  latter^  but  differing  in  structure  and  density  from  this 
•ad  OM  or  two  other  non-combuBtiblc  dusts  which  may  be  callcfl  ai^tive  ; 
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evem  difrereiit  samples  of  magnosia,  dMering  eomewhat  in  lighttieffi 
from  oach  othor,  appeared  to  possess  tlie  activi^  in  dilfeimt  dogtOM. 
These  facts  seem  to  favour  the  view  thai  a  duHt  posseflBmg  jmt^ 
ticnlar  phydcal  cliaracteristica  exerts  a  eonUct-  or  cataljtio  action 
npon  gas  mixtures,  ainiUar  to  that  known  to  be  possessed  by  platinmn 
and  some  other  substances  under  particular  conditions.  Thtis^  when 
finely  divided  platinum,  or  even  a  clean  recentlj  heated  BEorfiico 
of  the  compact  metal  is  brought  into  contact  with  mixtures  of 
hydrogen,  or  of  a  hjdrocarbon  gas  or  yapour,  with  oiygen  nr  air, 
oxidation  of  the  hydrogen  or  hydrocarbon  is  at  once  ostabliahed, 
Booompanied  Ly  the  development  of  heat^  whereby  the  temfmrature 
of  the  metal  is  raised  and  chemiea!  activity  proniotod,  so  that  hejit 
speedily  accumulates,  raising  tbo  metal  to  a  temperature  suffioiently 
high  to  bring  the  suiTounding  gas^mixture  to  the  exploding  poijit. 
If  the  metal  presents  a  very  large  surface,  or  is  in  a  speoially  porous 
condition,  as  in  the  form  of  spongo  or  very  fine  powder  (^tlafinnm 
btaele)^  tbo  explosion  of  the  gas-mixture  may  follow  very  rapidly,  or 
alniOBt  instantly,  upon  the  first  contact  of  some  portion  with  it.* 

In  many  of  the  oiporimenta  with  caleiued  mngnesia  just  reforre«l 
to,  it  was  distinctly  noticed  that  a  dark  space  iutcrvenod  between  the 
gf\»  ^amo  used  as  the  souroo  of  beat  and  the  0ar6  produced  by  the 
ignition  of  the  gas  mixture  through  tbo  influence  of  the  dust  dood 
suspended  in  it,  which  would  seem  to  indicate  that  the  dost  partide% 
immodiately  upon  passing  through  the  flaiue,  established  Mme  amoanl 
of  oxidation  of  the  fire-damp,  wMcb  proceeded  with  increased  rapidily 
as  the  dust  became  more  highly  heated  through  the  chemic^  octmn 
developed,  so  that  within  a  sliort  distance  from  the  point  where  tho 
beating  commenced  the  ditst  becamo  int^ndeseciat,  and  the  ignitiun  f>f 
the  giis-mixture  followed.  Further  experiments  which  aro  contem- 
plated may  elucidate  the  precise  nature  of  this  action  of  nou^m^ 
bustiblo  dust  in  promoting  the  ignition  of  gas  mixtures  wbich,  in  the 
absence  of  dust,  arc  not  infiamniahlo ;  there  appears  little  doubti 
however,  that  it  constitntos  one  element  in  the  dfljigers  arising  from 
the  presence  of  dust  in  the  air  of  a  mine  which  contains  a  small 
proportion  of  firo*damp,  and  in  which  a  large  body  of  flame  is  acci- 
dentally produced,  either  by  a  blown-out  shot,  or  by  a  fir&"daffi]p 
explosion  of  local  character. 

Niunerous  experiments  similar  to  those  of  Marroco  and  ModBoa 
were  made  by  tlio  lecturer  at  Wigan  with  mixtures  of  air  and  ooal- 
dost  from  S^fdiam  and  other  ooUieries,  in  the  complete  abseoiotl  of 


*  Thia  uctiou  of  platinuoi  <or  pall  odium)  hm  recently  rocdvod  appllostlool 
bc^ritig  (Special  refoj'eiioe  to  theoxUtenoeof  exptosivt?  gas  iuixtiir€a  in  cool  mlnea 
The  one  conai^tai  in  im  appanitas  propoieil  Mr.  Komer  for  removing,  by  il»w 
i.*otubui$iiou,  local  iira3umulatit>iiA  ot  fireHiauip:  the  other  iA  a  v^fy  aiiople  nnd 
|Kjrtttble  pUntumetrio  apparuiufl,  devistd  by  Mr.  G.  H,  Livoing,  by  whic(»  pio- 
pcjriiDns  of  flrt>damp  mudi  loviar  Umn  the  aiiu^lleiit  miiount  di^oovL^nihte  Uie 
Davy  \i\mp  in  tbc  hunda  nfthn  mout  ux|»ortf  cau  be  readily  aud  <{Uicidy  dt'Ux'Icd, 
nnd  th(3  uiuauiii  ctiUiLimttxl  with  comiiddmble  ammioy* 
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fire-damp,  whicli  wem  posseil  through  the  appamtufi  at  different 
ivloeities  up  to  1000  feet  per  mltinto.    Small  cannon,  spot^ially 
constmcted  ta  eugnre  uniforiQity  in  the  volume  of  damo  producod  at 
different  times^  wer6  fired  in  tbem,  either  fiingly  or  in  pairs  in  rapid 
Boooession;  and  exposed  heapa  of  gnncotton  and  of  slow*  and  quick* 
hvndtig  ganp<3wder  were  exploded  in  the  dust-laden  air.  The  results 
cMnmoiiBlIjr  confirmed  to  Bome  extent  those  of  Marreeo  and  Morison  and 
the  Cheeterfield  experimentSp    At  velocities  of  400  feet  per  minute  the 
^ttt,  which  was  either  panning  at  the  time  or  wae  raised  by  the  eon- 
fTMMdiii  of  a  Eret  shot,  did  not  appear  to  produce  any  increase  in  the 
TolniDe  of  fl^me  fumiahed  hy  the  cuEinoUf  but  a  decided  though  incou- 
aiderablB  lengthening  of  the  flame  ^  ae  several  times  observed  at  higher 
ifelocities  and  mth  the  employment  of  the  most  inflammable  dusts. 
Some  of  thoeie,  when  thickly  suspended  in  air  travelling  at  velocities 
of  500  to  1000  feet  per  minute,  and  exposed  to  the  action  of  a  large 
fiafih  of  fliLme  (aB  proiluced  by  the  loose  haape  of  gunootton  and 
UsMing  powder],  cilLihited  a  tendency  not  only  to  burn  explosively  in 
add  eloee  around  the  flame,  but  also  to  propagate  flame,  or  cause  it  to 
bvfel  along  some  distance;  but  the  most  decisive  results  of  these 
f^petiments  were  not  of  a  natitre  to  warrant  the  conclusion  that 
lint  could  be  carried  along  indefinitely,  or  oven  to  a  very  consider- 
able diHaxioe,  by  ooal  duet  in  the  complete  absence  of  fiie-damp,  as 
mr  maintained  by  Mr.  Galloway.    There  can  be  no  question  that 
thi  mle  of  magnitude  upon  which  the  first  ignition  in  the  dust-laden 
ilnatpliare  is  produced  must  greatly  inilneuco  the  extent  to  which 
fttrpagation  of  flame  in  this  way  will  extend^  and  Mr,  Galloway's 
ti]ie(iiiienta  at  Llwynpiaj  therefore,  were  likely  to  develop  oondttiona 
mm  nearly  approaching  those  of  the  real  state  of  things  in  a  mine 
than  expennients  in  galleries  of  smaller  dimensionSf  and  with  small 
VBttia^g  Tolumes  of  flame.    But  the  necessity  for  caution  in  de- 
^nettng  very  decided  cou elusions  from  even  large-scale  experiments, 
ifpoats  to  be  illustrated  by  some  of  Mr.  Galloway's  results^  inasmuch 
■i  mmm  of  the  great  distances  to  which  the  flame  oxtoadod  were 
abimd  imder  conditions  decidedly  favourable  to  the  projection  of  the 
iuw      oaiiaes  which  would  not  como  into  play  in  tlie  same  way  in 

I  mtne- working.  The  eiperiments  maile  some  years  ago  by  Mr, 
Hall  in  an  adit  (which  have  already  been  ri^ferred  to)  appear  to  have 
%  more  direct  bearing  upon  results  likely  to  be  actually  produced 
wdergrouiid  in  a  dust-laden  atmosphere.  In  those  experiments,  the 
ttta&e  tlislancc  to  which  flame  was  carried  by  dust,  first  ignitml  by 

flatne  from  a  very  oxeoesive  charge  of  powder  (4  lb,),  was  iHO  feet, 

II  ia  of  courise  possible  that  the  coal  used  was  not  of  the  most 
ifctotmabb  deeciiption,  and  that  its  finenosa  and  density  were  not 
Ml  JSmnrable  to  its  becoming  very  thickly  suspended  in  air.  On 
fte  nther  hand^  Mn  Hall  stated^  in  his  evidence  before  the  Eoyal 
r<iin]niii]pn,  that  the  atmosphere  in  the  adit  was  only    practically  " 

The  mitDif}  of  flame  from  a  bluwn-out  shut  in  a  mine- working  is 
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generally  coneiderable,  but  it  appears  that  eiAggerated  eBtimates  are 
entertained  of  tbe  distance  to  wLicii,  *n  the  absence  of  dust,  tlie  flame 
will  be  projected,  and  it  is  probable  that  the  large  voltimes  of  flame, 
extending  occfusionally  to  mauj  yards  from  the  spot  where  the  shot 
was  fired,  are  in  a  groat  measure  due  to  the  tgnition  of  dust  raised  by 
the  concnaeion  and  rush  of  air  at  the  instant  of  firing.  Mr,  Hall,  in 
his  experiments  in  the  adit,  found  that  the  flame  from  tbe  ahot  of 
4  lb.  of  powder  reached  to  a  distance  of  only  18  to  21  feet  when 
no  duet  wae  preecnt.  A  few  months  ago  that  o^ial  direetod  the 
attention  of  the  lecturer  to  the  occurrence  of  two  accidents  in  the 
Liverpool  distrLct^  each  one  occasioned  by  a  shot  of  1  lb.  of  powder 
blowing  out  its  stemming  without  shakiug  or  bringing  down  any 
coal.  In  both  instanees  the  shot  lighter  and  two  pitmen  had  retired 
ftbont  100  feot  from  the  seat  of  the  shot,  that  is,  about  30  feet  in  a 
straight  line  with  it^  and  60  to  80  feet  along  both  directions  of  a 
working  nmniog  at  rigljt  angles  to  the  drift  in  the  face  of  which  the 
charge  was  fired.  In  the  case  of  one  accident,  a  man  was  kiUed, 
aad  serious  injuries  were  sustained  by  the  other  men  in  both 
instances.  There  were  signs  of  charring  npon  the  props  up  to, 
and  5  or  6  feet  beyond,  where  the  men  were  standing,  hut  they 
did  not  extend  farther.  The  drift  and  the  level  in  which  those 
Bccidenta  occurred  were  5  feet  high  and  12  foot  wide.  Mr,  Hall 
informed  the  lecturer  that  a  strong  impression  existed  among 
mining  men  on  the  spot  that  the  flame  of  the  £hot,  quite  unaided 
by  gas  or  coal-dust  (the  latter  was  known  to  bo  present),  would 
have  extended  so  to  produce  tiie  effects  described.  This  appeAred 
eo  at  variance  with  Mr.  Hall's  experiments  in  an  underground 
working,  and  with  Mr,  Abors  own  eiperteneo  in  other  diroctionfl, 
that  the  latter  has  endeavoured  to  obtain  some  precise  experi- 
montol  data  with  regard  to  the  distance  to  which  any  burning 
effect  from  a  blown-out  chnrgo  of  1  lb-  or  IJ  lb,  of  powder  would 
extend  in  a  minc-workiug,  in  the  absence  of  dust.  With  this  object 
ho  availed  himself  of  tho  friendly  assistance  of  Major  Dnniford, 
R-E,,  Instructor  in  Field  Fortifications  at  tbe  School  of  Military 
Engineering,  Chatham^  under  whose  direction  Lieutenant  llahan  has 
carried  out  an  instructive  series  of  esperimeiita  in  accordance  with 
Buggeetious  made  by  Mr,  Abel  as  the  work  proceeded* 

The  locality  selected  for  the  first  exporiraents  furmed  a  portion  of 
some  obsolete  fortifications  at  Cbatham,  and  consisted  of  a  masonry 
gallery  or  Caponier^  8  f<iet  8  inches  high  to  the  spring  of  the  arch,  and 
8  feet  wide  below  tbo  arch,  to  a  distance  of  28  feet  from  tho  cloee<i 
end  ;  from  that  point  it  tapered  on  one  side  to  6  feet  along  a  length  of 
2  feet  6  inches,  and  was  6  feet  wide  for  a  length  of  3  feet  6  inches, 
up  to  a  pier  or  square  column  4  feet  by  3  feet  G  inches  :  round  which 
the  gallery  curved^  being  at  this  part  4  feet  3  inches  wide.  The 
straight  part  of  tlio  gallery,  from  tlio  deaci  wall  at  one  end  to  tho 
projecting  pier  at  tho  other,  was  34  feet  long.  In  th(f  wall  to  the 
left  of  the  bW^ked  end  there  were  six  narrow  loop-holes  up  to  tho 
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cnTT©,  commendDg  at  18  feet  from  the  end,  and  2  foet  6  incLc^ 
KpKTt,  in  the  oppoeitG  wall  there  were  four,  commencing  at  tbo  mm& 
4i€tonce  and  5  feet  apart ;  otGt  the  wall  at  the  blockcid  eiid  of  tbo 
gillerj  there  was  an  opening  into  the  onter  at r,  and  a  considerable 
enrrent  of  air  passed  through  it  along  the  gallery  to  the  curved 
mAf  which  led  into  a  large  narrow  galkrj  at  right  angles  to  this  wido 
csme,  mnd  baring  largo  chainbera  opening  into  iL 

In  some  preUminaFy  experiments,  an  iron  tul>o  was  let  into  the 
hoG  of  the  wall  at  the  blocked  end  of  the  gallery,  eo  as  to  represent 
a  stroitg  blast  hole,  and  this  waa  charged  with  1^  lb.  of  powder, 
nnlaniptsd  in  some  experiments  and  tamped  in  others,  mme  piccoB  of 
ftuicutton  were  EUapended  from  tlie  roof  of  tbe  gallery  at  a  distance 
of  28  feei  uid  farther  along,  and  obgervera  were  Btattoned  oatsido 

gftDfiTj  opposite  the  gevoral  loop-holes.  But,  while  tbe  pieces 
of  gBBOOttOQ  were  not  inflamed,  tbcro  were  conflicting  opiniona 
ooncegpiBg  the  diitanoes  at  which  6ame  was  Been,  probably  caused 
hj-  the  general  illumination  of  the  gallery  by  the  flash  of  the 
expLofiioti.  It  wafi|  moreover,  found  that  the  iron  tubes  containing 
Iks  lia^m  were  more  or  leae  considorably  torn,  so  that  portions  of 

OjCpldding  charge  escaped  laterally.  The  following  method  of 
oqMmmetitmg  was  erontually  adopted.  Char  gas  of  1^  lb.  and  2  lb, 
of  {mwder,  ontamped  and  tamped,  were  ^cd  from  a  small  roughly 
bond  out  gun>blockj  the  bore  of  which  was  1  foot  9  inches  long  and 
3{  inches  in  diameter ;  the  gim  woe  raiaed  fio  ss  to  project  tbe  flame 
li^t  along  the  gallery  at  about  its  centre.  A  light  woodwork  framOj 
S  feet  square,  was  fitted  with  thirty-six  cross  wires  1  foot  apart,  so  aa 
id  fnmifih  thirty^fiix  points  of  intersection ;  to  each  of  these  }>oints  a 
mall  toft  of  guncotton  was  attached^  and  the  target  thus  flttod  was 
ixed  -vierticBlly  so  as  to  face  tbe  charge,  in  the  centre  of  vvbich  was 
flaed  an  electric  faze.  In  this  way  f^mall  charges  of  guncotton  were 
iiiliibuteil  uniformly  oTcr  all  parts  of  the  target,  which  filled  a  great 
part  of  the  section  of  the  gallery.  The  distance  of  the  target  from 
Ibo  charge  being  gradually  in  or  cased  in  sueccssiye  experiments  to 
IK)  Inl,  it  was  found  that  with  the  employment  of  1^  lb.  and  2  lb. 
dttggcOi  imtamped»  in  three  inatanceg  cut  of  ten  expenments  only  one, 
or  at  most  two  of  the  tnfts  of  guncotton  were  inflamed,  this  being 
ifipftnmtlj  tbe  extreme  distance  to  which  flame,  or  matter  sufliciently 
W  to  miame  guncotton,  was  projected.  At  a  distanco  of  19  feet, 
*itb  1}  Ik  charges,  two  out  of  throe  shots  did  not  iuflame  any  of  the 
gtoecHton  tufts.  With  1^  lb.  ohargos  fii^mly  tumped,  odo  tiift  only 
^the  thirtj-six  was  flred,  in  two  experiments,  at  a  distance  of  20  feet, 
«bilo  in  tlirce  others  no  guncotton  was  inflamed. 

It  appears  from  these  results  that  in  a  gallery  or  mine-working  of 
an  ana  not  very  dissimilar  to  that  in  which  the  accidents  just  referred 
Ui  cteenfTDd,  the  flame  or  heated  gases  from  1^  lb,  and  2  lb.  charges, 
ind  under  conditions  favourable  to  the  production  of  the  maximum 
flftliif  ^  ami  its  ootxiplete  projection  in  the  direction  of  the  discharge,  onlj^ 
iMfliieo  oowionally,  and  to  a  very  limitotl  extent,  to  a  distance  of 


20  feet  No  doubt  a  powerful  air  curreEt  in  a  mine,  parsing  in  the 
direction  in  which  the  shot  is  fired,  niuat  huve  a  tendency  to  aid  the 
fipreod  of  the  florae  to  a  greater  distaiice,  hut  the  difference  between 
20  feet  and  100  feet,  the  flame  haviDg  in  the  latter  instance  extended 
to  a  distance  of  75  feet  along  a  gf^Hery  »t  riglit  angles  to  the  point  of 
ignition,  is  far  too  groat  to  be  only  asctibable  to  the  effect  of  an  air 
current  in  elongiiting  the  flame.  As  the  first  of  the  loopholes  above 
referred  to  eiLti^ting  m  the  walls  of  the  gaUorj  was  18  feet  from  the 
ubot^  they  oonld  hardly  aiect  the  distance  to  wbich  the  £amc  was 
found  to  reach.*  It  will  bo  observeil  that  thoBO  results  correspond 
with  those  which  Mr*  Hall  obtained  with  4  Ih.  charges  of  powder  in 
an  adit,  the  dirneusiona  of  which  are  not  specified. 

No  gallery  of  large  dimcnsious  and  free  from  the  small  lateral 
openings  was  available  for  the  continuance  of  these  cxpenmentd,  bat 
it  was  thought  that  some  experiments  in  subterraneous  passages  of 
much  smaller  dimensionB  (niilitaiy  countermines)  might  give  instruc- 
tive results.  A  so-called  euvelope  gallery  was  therefore  fifst  selected 
for  the  purpose.  This  gallery  was  5  feet  9  inches  high  to  the  crown  of 
tbe  arch,  and  4  feet  0  inches  to  the  springing  of  the  arch,  and  only 
2  feet  wide.  The  part  selected  for  the  position  of  the  gun  and  the 
target  was  atraigbt,  but  the  portion  immediately  beyood  was  curved. 
Tu  rear  uf  the  gun,  the  gallery  was  quite  open  to  a  considerable  distance. 
One-and-a-balf  pound  charges,  untamped,  were  fired,  and  a  frame* 
target  the  width  of  the  gallery  and  4  fixst  6  inclios  high,  constructed 
m  as  to  give  15  points  for  the  attachment  of  guDcotton  tufts,  was 
placed  at  gradually  decreasing  distances  from  the  gun,  commencing  at 
20  foot.  Even  at  a  distance  of  only  14  feet  from  the  charge,  none  of 
the  guncottou  tufts  were  inflamed  ;  but  the  target  was  blown  forward 
about  12  feet  and  partly  broken.  It  was  evident  that  the  fact  of  the 
gallery  being  open  at  the  rear  of  the  charge  greatly  reduced  the 
tendency  to  the  jirojcction  of  flame  to  a  distance  in  tho  direction  of 
the  explosion t  The  resistance  opposed  to  the  luovement  of  the  air  by 
the  curvature  of  this  very  narrow  gallery ^  a  short  dietauoe  in  front  of 
the  Beat  of  tbe  expeiimeuts,  may  have  also  contributed  to  diminish  the 
distance  to  which  the  flame  or  highly  heated  gases  would  cxttrnd. 
When  the  experiments  were  continued  in  another  gallery,  of  the  same 
dimensions,  but  stmight  and  terminating  in  a  head,  like  a  drift  in  a 
mine,  tlio  cannon  being  placed  close  up  to  the  face  of  the  drift,  several 
of  the  tufts  of  guucotton  were  inflamed  at  a  distance  of  27  feet  i  one 
wae  inflamed  w  hen  tbe  target  was  30  feet  off,  and  oue  also  at  a  distance 
of  32  feet,  hut  none  were  ignited  at  a  distance  of  35  feet  from  the 
charges.  Here  then,  in  a  long  gallery,  narrow  in  proportion  to  its 
height,  but  in  all  respects  representing  a  drift  way  in  a  mine,  the 
diatance  to  which  the  flame  of  a  blown*out  shot  of  1^  lb.  of  jKiwder 
extended  was  less  than  35  feet,  and  therefore  considerably  less  than 
ono-half  the  distance  from  the  ©cat  of  the  blown-out  ahot  of  I  lb.  of 


*  The  clotting  up  of  thcae  wua  mi  found  to  affoci  Ihe  rceulta. 
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^wder  wliere  the  men  woro  bnmed,  in  both  directioDB  in  the  orosa 
vorMiigs,  in  the  accident  tibiTO  cited.    The  influence  of  coal  duEt  in 
iion^ing  the  diBtance  to  wliicb  tlic  flitme  froto  a  blown -out  shot  will 
dtead  in  mine-Mrorkings  is  tlieri^fore  conclusiYely  demooBtratod  hj  a. 
eonpftmon  of  the  effects  of  those  iLccidcntB  with  the  foregoing  expert- 
meolml  data.    On  the  other  hand,  the  important  circumfltanco  noticed 
hj  Mr«  H&ll  that  no  gigns  of  burning  on  the  props  in  the  mine  wera 
tiAble  ftt  greater  distAncefi  than  a  yard  or  two  beyond  the  spots  whore 
^  aieii  wero  vaiting,  although  there  wore  open  workings  in  both  diroe- 
lioQi  for  some  oonsideraUe  distance,  and  although  the  flame  was 
finfiicienlly  extensiye  at  thoso  spots  to  injuje  the  men  severely,  proved 
eencIoEively  that  coal  dust  had  not  the  power,  in  these  two  instances. 
Id  mrty  on  the  flame  to  a  great  difitance  from  the  ^urce  of  ^'e.  Had 
Ifam  been  any  gas  in  the  air  of  the  mine  the  flame  would  douhtle^ 
IiaTB  extended  much  farther,  and  perhaps  throughout  the  adjacent 
vorkiDgB^    The  amount  of  dust  raised  by  the  blown-out  shots  may, 
howerer,  hare  been  less  consiiferable  than  in  other  similar  oceur- 
mioes^  and  the  dust  itself  may  not  have  been  so  highly  inflammahle, 
m  ollierwifle  of  so  Bui table  a  cliaracter  for  carrying  on  flame,  as  that 
ttdsling  in  other  min^  where  undoubtedly  dust  has  played  an  important 
part  in  cnliancing  the  magnitude  of  exploaioBB.    At  any  rate  the  so 
nsolls  demonstrate  the  ue(^R&ity  for  the  exercise  of  caution  in  drawing 
oonclttsions  of  too  sweeping  a  nature  with  regard  to  the  causes  and 
tbi  flxtent  of  such  oQal-mine  eiplosions  as  cannot  be  quite  clearly 
MRibed  to  iire-damp*    A  few  experbucnts  hare  been  made,  in  the 
Ivgest  gallery  (Caponier)  at  Chatham,  to  test  the  power  of  coal  dust 
bo  carry  on  the  flame  from  a  blown-out  Khot.    A  largo  quantity  of 
and  inflanm^ahle  coal  dugt,  from  Seaham  collieries,  was 
in  the  air  by  employment  of  sufficient  mechaniad  con- 
and  elondB  of  the  same  dust  were  also  blown  into  tho 
in  the  direction  of  the  shot,  and  immediately  in  front  of  it, 
jnl  when  it  waa  firoii.    One  of  the  frame-screens  waa  placed  cwa-oss 
gallery  where  the  pier  jutted  out  (at  a  diatance  of  34  feet  from 
l2io  «hot),  and  pieces  of  gnncotton  were  attached  to  nails  dnYeu  in 
tbe  wall  along  the  short  narrow  part  of  the  straight  gallery  and  to 
MM  distance  round  the  curve.    In  every  one  of  the  experimonta 
ttied  (llti«6^  with  1 J  lb,  of  powder,  fired  when  dust  was  thickly  sus- 
ptadra  ftttd  carried  along  In  the  air^  the  flame  bnmed  a  number  of 
picceq  of  gnncotton  on  the  seroen ;  in  two  experiments  gnncotton 
«ii  bumed  at  a  further  dii^tance  of  I  ft.  6  in«,  but  not  beyond  ;  in  the 
third,  wime  flame  travelled  to  the  end  of  the  straight  gallery,  and  tt> 
*  ili«katioe  cf  4  11*  6  in.  beyond  the  curve,  but  gnncotton  wab  not 
iaflamed  beyond  that  point.    In  this  case,  therefore,  flame  reached 
nllwsr  more  than,  and  in  the  others  not  quite,  double  the  distanoo 
with  dnat  thickly  Buspended  in  the  air,  to  what  it  did  in  the  absence 
of  doat.    Experiniente  will  be  continued  in  tho  long  narrow  galleriee 
vlnch  have  been  spoken  of* 

It  mttsi  now  be  accepted  as  beyond  question  that  very  few,  if 
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any  explosions  have  occurred  of  which  the  deBtractive  effoctef  so  far 
as  bimiiiig  and  production  of  tho  fatal  after-damp  arc  concerDed, 
have  not  been  more  or  loss  oonnidorably  incroaaed  ikrough  the 
ageacy  of  the  coal  dnet  raiecd  by  the  oxplosioD,  and  that  the 
latter  has  boon  in  very  many  cases  iuBtrumental  in  eaiising  the 
burning  effects  of  the  eiploBiou  to  spread  over  great  areas,  and  to 
reach  to  workings  which,  in  the  absence  of  dnst,  would  haTe  escaped 
the  visitation,  Eveo  of  late  yoarB,  long  since  the  ob&crvations  of 
Faraday  and  Lyoll  have  been  conflrmod  and  extended,  mining 
engineers  and  others  immediately  connected  witb  the  working  of  eoal- 
mines  liavo  been  very  prono  to  ascribe  explosions,  which  did  nut  admit 
of  satiefftfjtory  osplanation  by  an  accidental  failure  of  ventilation  or 
other  evident  caaaes,  to  the  sudden  disengagement  or  outbursts  of  fire- 
damp, suoh  as  are,  in  fiery  coal  scams,  of  no  uncommon  ocourreiicc,  and 
aomo times  very  eeMons  in  their  magnitude  and  long  continuance,  and 
to  charge  such  sudden  escapes  of  gas  into  some  part  of  the  mine- 
work  in  ge  with  the  whole  extent  of  the  disaster,  rather  than  to  credit 
coal  dust  with  any  important  share  in  the  ungination  er  even  in  the 
extension  of  the  explosion-  In  many  instances  the  occurrence  of  such 
outbursts,  following  upon  falls  of  roofs  or  tbo  firing  of  shotSj  or  the 
rapid  diEKJngagomont  of  fire-damp  from  coal  or  goavcs,  consequent 
upon  sudden  changes  io  atmospheric  pressure,  have  been  clearly 
proved  to  have  preceded  disastrous  explosions  ;  in  others,  however,  the 
conclusion  tbat  an  explosion  has  been  connected  with  the  occurrenoe 
of  a  sudden  disengagement  of  gas  in  considm'able  volume,  has  been 
based  upon  aasmnptions  or  conjectores,  moro  or  less  admissible,  or 
upon  evidence  of  doubtful  nature  collected  after  the  explosion  (as  in 
the  case  of  the  recent  explosion  at  Seaham  Collieries).  Under  any 
such  circumetauce,  however,  it  is,  to  say  the  least,  extremely  difficult 
to  realise  how  sufficient  gas  to  produce  an  explosive  atmosphere  can 
bo  conveyed,  even  by  the  most  powerful  ventilating  currents  which 
can  oirouluto  in  mines,  from  the  seat  of  Buuh  a  sudden  outburst  to  far 
distant  portions  of  tbo  mine  to  which  the  actual  explosion  is  proved 
to  have  extended,  within  the  periotl  which  is  known,  or  believed,  to 
have  intervened  between  the  first  disengagement  of  the  gas  and  the 
firing  of  the  esplesiv©  atmospliere  produced  thereby  in  the  viciniiy  of 
the  outburst,  by  the  tiring  of  a  sbot,  by  a  defective  lamp,  or  by  other 
means  of  ignition.  On  the  other  hand,  the  character  of  tbe  effect* 
which  in  many  instances  have  been  produced  by  the  cxplosioii ;  the 
evidences  of  severo  burning  Bueh  ag  could  not  be  produced  by  the 
rapid  oxploeioii  of  a  gas  mixture  only,  and  the  deposition  of  partiallj 
burned  er  coked  dust  in  very  distant  and  distinct  parts  of  the  mine- 
workings,  leave  no  room  fur  doubt  that  coal  dust  has  played  a  more 
or  less  im})ortaut  part  in  almost  all  tlie  explosions  wbich  have  been  of 
late  submitted  to  investigation.  Further^  it  must  be  conceded  that 
in  some  iustances,  coal  dust  would  indeed  ap|iear  to  have  been  the 
cshief  instrumout  of  destruction. 

To  sum  up ;  it  has  not  been  difficult,  as  will  have  been  seen  from 
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Ibe  foregoing,  to  demonstrate  eiperimentall  j  tlint  tlio  existeuco  of  a 
mxj  sni&ll  profK^rtion  of  fire-damp  in  the  air  of  a  mine  nmj  datermine 
tlie  prapagntion  of  flame  coal  dnstj  igiiited  bj  the  explosion  of  soma 
hmtl  aoeiimnlatian  of  a  gas  miitnro,  or  by  the  inflammation  of  gas 
iidttally  dieecQgftged,  or  even  by  the  flash  from  a  blown-out  shot*  It 
%m  tJao  been  dearl  j  efitablislied  that  In  so-called  fiery  mmes  the  itir 
is  never  likely  to  be  actually  free  from  fire-damp,  and  that  m  much 
w  S  per  cent,  may  exist  in  the  rotnm  air  of  a  very  oiliciontly 
iieiitilftled  mine  of  that  class.  It  must  thercforo  be  regarded  as  a 
Hidtrtmglilj  well-grounded  conclusion  that,  in  many  disaatrouB  ex- 
coal  dust  is  the  chief  agent  of  destruction,  and  it  is  in- 
ible  that  but  few  explosions  o^KSur  of  which  the  cflTocts  have  not 
inor«^  or  less  cjonsiderably  extended  and  aggrayated  by  the  ccrnl- 
wUich  is  rai^d  by  the  fire-damp  explosion.  It  may  also  bo 
idikiitted  as  not  improliablo  that  in  some  instances,  the  iufiuenco  of 
dost  may^  apart  from  its  combustibiliiy  (as  doscribed),  dotermino  the 
i^tion  of  a  mijEture  of  air  and  dust  with  a  small  proportion  of  fire-damp, 
1^  the  facae  which  a  blown -out  shot,  or  the  accidental  ignition  of  gome 
local  aoeumolation  of  explosive  gas  mixture  has  produced.  Lastly,  it  is 
eottMTftlklev  as  oontcnded  by  Friere  Marreoo,  Galloway,  and  some 
aff^iwitiftl  observers^  that  a  mixture  of  an  Inflammable  eoal  dust  and 
a^^floay  ereti,  in  the  complete  absence  of  fire-damp,  both  originate  and 
mrrj  oti  lo  some  distance,  explosions  which,  though  much  mferior  in 
fioience  ti3  those  developed  through  the  ageuoy  of  gas  mixtures,  will 
bt  at  least  eq^ual  to  them  in  re^d  to  the  disastrous  effects  on  the 
ItfW  of  those  exposed  to  tliem.  That  mixtures  of  coal  dust  and  air 
abna  may  have  the  power  to  carry  on  the  explosion  originally  caused 
and  dinemtimted  by  a  gas,  air,  and  dust  mixture,  into  regions  where 
BO  ^Mi  wliateTer  exists,  will  now  be  generally  admitted.  The  great 
jUiivlianee  of  the  air  which  must  proceed  in  immediate  advance  of 
of  flame  produced  by  the  ignition  of  a  mixture  of  gas  and  air 
with  coal  dust,  will,  in  many  mine-workingn,  rai^o  a  dense 
immediately  in  front  of  the  flame,  and  the  latter  will  thus  be 
U  m  il  advKDoes.  Mr.  Galloway  concludes,  as  the  final  result  of 
Ue  flsperiiDents  with  coal  dust,  that  the  presence  of  fire-damp  is 
tmneoeasary  to  hrijig  abotU  a  coal-mine  explosion,  but, 
that  the  result  of  certain  experiments  may  seem  to  favour 
oooolnsioD,  its  n.'alisation  necessitates  the  falfilment  of  oon- 
whieh  cannot  but  be  very  exceptional,  and  ite  acceptance  is 
eerlaitily  nnnecesaary  to  odd  to  the  fonnidable  character  of  coal  dust 
m  a  aottree  of  danger  and  an  agent  of  destruction  in  mines. 

Whether  an  explosion  originates  with,  or  is  chiefly  caused  by,  the 
imdiictaoti  of  a  mixture  of  firenlamp  with  tiir  in  such  proportions  as 
la  be  more  or  less  rapidly  and  violently  exploaive ;  whether  the 
atigmating  cause  be  the  reciprocal  influence  of  a  small  proportion  of 
llMatBf^  and  of  coal  dust  (or  dust  of  other  descriptions  of  minerals 
Mesrriiig  tn  coal  mines)  co-existing  in  the  air  of  a  mine ;  whether, 
|iMiltij,it  simply  originates  with  a  mixture  of  ?ory  inflammable  coal- 
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duet  and  air  in  tbo  complote  absence  of  fire-damp,  or  whetLor,  lajjtlj, 
only  tlie  very  limited  conceseioii  be  made  tliat  coal  dtist  will  add  to 
tbe  extent,  and  increase  the  burning  effect,  of  a  fire-damp  explosion  ; 
in  any  case,  the  ©jcistenoe  of  doRt  in  abnudanoc,  and  in  a  dry  state,  in 
coal-roine  workings,  must  be  recognised  as  a  eonrce  of  danger  not 
greatly  inferior  to  that  caused  by  local  accumulations,  or  tbe  mci- 
dental  liberation,  of  firo-damp.  Tbe  possibility  of  dealing  witb  tbie 
source  of  danger  should  tberefore  bo  as  much  an  object  of  earnest 
work  as  bas  boen  the  improvement  of  ventilating  arrangements  for 
mineia. 

It  being  genemlly  impracticable  effectually  to  deal,  by  actual 
removal,  witb  tbo  continual  accumulation  of  dust  in  mine-workings^ 
the  only  available  metbod  of  diminishing  the  tlangers  arising  frora  its 
oonstant  protiuctioo  appears  to  bo  that  of  maintaining  tbe  floor  in  tbe 
roads,  &c.,  in  a  damp  condition  by  efficient  watering  arrangoments, 
almost  continually  applied.  Tbe  high  temperature  of  tbe  mine,  in 
many  instances,  must  often  render  this  a  difiScult  and  costly  process, 
on  account  of  the  rupidity  with  which  the  water  will  evaporate; 
])cnce  attempts  have  been  made  to  apply  hygroscopic  subatanoes  (encb 
as  calcium  chloride,  sea-salt,  or  rock-ealt]  in  conjunction  with  water, 
or  to  use  brine,  with  a  view  to  retard  its  evaporation,  and  some 
BuccosBful  resttlta  appear  to  have  rc^cently  attended  their  application 
in  several  districts.  In  some  instances,  with  improved  applianoes 
for  the  uniform  and  periodical  diBtribution  of  euflicioot  wat«r,  the 
matntonance  of  mine-roads  in  a  sufficiently  tiamp  condition  to  prevent 
dust  from  being  raised  in  any  considerable  quantity  appears  to  have 
been  accomplished  with  fair  success ;  there  arc,  however,  localities 
where  it  is  ahnost  impracticable  to  maintain  the  floor  of  tbe  roads  in 
a  damp  condition,  in  consequence  of  the  great  increase  thereby  of  the 
tendency  to  their  being  gmdually  raised  by  the  pressure  to  which 
they  are  subject. 

Apart  from  the  effects  of  dust  in  augmenting  tbo  disastrous  results 
of  sucb  fir©' damp  explosions  as  may  arise  from  the  existenco  of  a 
defective,  or  an  open  safety  lamp  in  the  vicinity  of  an  accumulation 
of  gas,  or  of  a  locality  where  a  sudden  Dutburst  of  gaa  occurs,  tbe 
hlastirnj  of  coal  or  of  rock,  in  those  parts  of  a  mine  where  fire-damp 
may  exist,  if  oven  only  in  very  small  quantities,  constitutes  the  chief 
source  of  accidents  in  which  coal  dust  may  have  played  an  important 
ihare.  There  is  no  doubt,  therefore,  that  the  elaboration  of  really 
safe  methofla  of  getting  coal  in  places  where  blasting  by  powder  is 
now  resorted  to,  and  of  removing  the  harder  rock  in  the  working  of 
drifts  where  fire-damp  may  eiist,  will  most  importantly  contribute 
towards  the  diminution  of  danger  arising  frora  the  accumulation  of 
dufit  in  mines.  The  substitution  of  efficient  coal-cutting  machines 
for  blasting  may  to  some  extent  supplant  the  use  of  powder,  and  tbe 
employment  of  compressed  air  as  an  agent  for  bringing  down  coal  or 
rock  haa  been  made  the  subject  of  ingeuioua  contrivances,  which 
appear,  however,  as  yet,  to  labour  under  some  disadvantages  in  regard 
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ti>  eoel,  focility  of  nec  ftnd  gettoral  eflSciency.    Attempts  have  been 
mde  to  rciiclei'  the  employment  of  powder  in  the  presence  of  fire- 
dMop  safe,  by  ngiug  it  iti  cotijunctioti  with  water.    In  the  first 
iBst&ncB  it  wae  proposed  by        Mac  nab  to  briug  the  latter  into 
direct  operatiim  as  the  cleoTing  or  blasting  agent  by  inijortiiig  a 
cylinder  containing  w»ter  into  tbe  blast  bole,  and  connecting  it  with 
a  Tory  strong  extc^mal  ^efifiul,  in  which  the  powder  charge  was  fired, 
tBadi  Bi  the  powder  charge  ia  fired  in  the  powder  chamber  of  a  gtin, 
the  genentiiig  gfte  being  brought  to  bear  upon  the  confiucd  cidumn  of 
vftlsr,  a&d  fiftmung  the  latter  to  exert  a  rending  force  upon  the  coaI  by 
it  was  sorroimded.  As  the  results  furnished  by  this  method  of 
opecftttOD  W0r«j  not  promising,  the  comparatively  very  aim  pie  expedient 
wm  POiiorted  to  by  Dr,  Macnab  of  employing  water  simply  aa  tampiug 
m  m  charge  hole,  a  cylinder  containing  the  liquid  and  of  snituble 
length  to  fill  the  hole,  being  inserted  over  the  charge  of  powder*   In  the 
mmi  of  a  charge  blowing  ont,  the  dispersion  of  the  water  in  a  very 
inely  divided  condition  was  relied  upon  to  efiect  the  extinction  of  the 
Tolttme  of  fiamo  which,  under  these  conditions^  would  bo  projected 
into  the  air  of  the  mine.    Some  carefully  conducted  experiments,  with 
bUsI  holes  charged  by  this  method  and  surrounded  by  an  explosive 
na  imiTfnrfti  showed  that  occasionally  no  ignition  of  the  gas  resulted 
from  tlie  blowing  out  of  the  shot,  but  that  in  most  instaoccs,  the 
conditions  of  the  expertments  being  tho  samOf  the  gas-mixture  in 
&ont  of  the  blast  hole  was  exploded,  when  the  shot  blew  out.    It  is 
possible  Uiat  a  eyeful  regulation  of  the  charge  and  length  of  tamping 
nxay  render  this  mcnle  of  operation  a  comparatively  safe  one,  though 
H  may  be  doubtful  whether  absolute  reliance  could  be  placed  upon  the 
mvariable  extinction  of  flame  in  the  case  of  blown-out  charges.  When 
the  attention  of  the  Boyal  GommiBfliQn  was  directed  to  the  subject  of 
Hid  dADOera  attending  the  employment  of  explosives  in  coal  mines,  it 
occarged  tn  Mr.  Abel  to  attempt  the  application  to  the  getting  of  coal 
of      principle  which  he  developed  some  years  ago,  in  the  course  of 
ham  mearehos  on  explosive  agents,  namely,  the  eudden  trausuiission 
i&  aJl  directions  of  the  force  exerted  instantanet^^usly  by  a  delonaiiofij 
bf  tarTtjundlog  the  detonating  charge  with  water.    It  was  found  in  a 
hige  namber  of  experiments  that  when  comparatively  small  charges 
<if  gmiootton  or  dynamite  (the  latter  being  preferable)  were  enclosed 
ia  cylinderB  of  Light  metal  or  paper  filled  with  water,  and  occupying 
kbe  e&tire  available  space  (or  nearly  m)  in  a  bhist  hole,  the  detonation 
flf  ^  charge  in  boles  of  excessive  strength,  when  em^oloyod  in  proper 
poportioEi  to  the  amount  of  water  by  which  it  was  surrounded, 
was  always  aooomplished  \»ithoiit  ignition  of  the  explosive  gas-mi x- 
tm  with  which  the  opening  of  the  blast  hole  was  surrounded.  The 
iatenssting  fact  was  moreover  established,  by  operations  carried  out 
in  hard  coal  in  Lancashire,  that  the  action  of  the  detonuting  charge  is 
nodiikd  to  great  advautage,  by  enclosing  the  envelope  in  a  long 
eoliiiim  of  wat^>r.    Instead  of  exerting  a  [^nverfully  crushing  or 
4iBiitagrating  actionf  oon£nod  within  comparatively  narrow  limits. 
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whoroby  a  cliarge  of  gun  cotton  or  dyimmite  is  rendered  of  little  valuo 
&&  a  mi^ans  of  getting  coal  wlicn  u&ed  in  tlio  ordmary  way,  the 
diBtribution  of  tbe  explosive  fotoo  in  all  directions  by  the  columu  of 
water  causes  it  to  exert  a  cleaving  or  splitting  action  even  snjiorior  to 
that  exercised  by  ordinary  blaetmg  powder,  Tbe  farther  develop- 
ment of  tbia  method  of  applying  detonating  agents  to  blasting  purposes 
in  coal-mine  workings  appears  therefore  well  worthy  of  attention. 

Another  method  of  getting  coal,  which,  tboiigb  not  new  in  itself, 
has  been  applied  in  a  novel  manner  and  with  most  promising  results 
by  Meesrs.  Suiitb  and  Moore,  has  tbe  great  advantage  of  dis {tensing 
entirely  with  the  ubo  of  explosive  agents,  and  of  any  but  the  mo@t 
simple  mechanical  appliances. 

It  consists  in  applying  the  force  which  quicklime  will  develop  if 
confined,  and  made  to  combine  under  that  condition  with  water» 
whereby  it  under  goes  very  consider  able  expt^nsion,  a  large  amount  of 
beat  being  at  the  stime  time  developed,  Messrs.  Smith  and  Moore 
convert  the  freshly  burned  and  crushed  quicklime  into  very  eompact 
cylindrical  massos,  or  cartridges,  having  a  email  groove  on  one 
side,  so  that  when  the  requisite  number  of  cylinders  are  inserted 
symmetrically  into  the  mechanically  drilled  bole  in  the  coal,  wbicb 
they  fit  accurately,  a  narrow  pipe,  with  perforations  along  its  entire 
length,  enclosed  in  a  tight-fitting  stocking  of  open  webbing,  and 
provided  with  a  stopcock,  may  be  inserted  into  the  side  of  tbe  charge, 
wbioh  is  afterwards  tamped  in  tbe  usual  manner.  The  proportion 
of  water  necessary  to  slake  the  lime,  phis  an  excess  of  about 
one-sixth,  is  then  forced  into  the  hole  through  the  pipe  by  means 
of  a  simple  hand  ayringo^  and  the  stopcock  of  the  pipe  being 
closed,  the  operation  is  complete.  In  a  brief  space  of  time  sounds 
indicative  of  the  cracking  of  the  mass  of  coal  which  contains  the 
cartridge  show  that  the  expansion  of  tbe  lime  by  its  union  with 
the  water,  and  tbe  very  coueidorable  development  of  steam  within  the 
cartridges^  are  performing  their  work,  and  after  an  interval  of  time 
varying  with  tbe  strength  of  the  part  of  tbe  Beam  operated  upon,  t!ie 
coni  is  detach ed  in  large  blocks.  The  holes  can  bo  charged  so  rapidly 
that  a  considerable  number  may  be  put  into  operation  in  quick  suo- 
oession  by  one  or  two  men.*  As  the  action  of  the  charge  occupiea 
some  little  time  (fifteen  or  twenty  miuates),  thoy  really  come  into 
operation  together,  and  in  this  way  large  faces  of  bard  coal,  in  long- 
wall  workings,  are  brought  down  with  ease  and  certainty.  Whether 
these  compressed  lime  cartridges  can  be  applied  with  any  success  in 
stone  still  remains  to  bo  determined,  but  in  point  of  cost,  simplicity. 


•  In  one  of  several  opemtiona  of  this  kind  recently  witnessed  by  the  Lec tuner 
at  Shipley  Collieries,  Derby,  in  tbo  "  deep  hartl  seam,"  which  la  newly  3  ft. 
thick,  ten  tbote  were  fired  ttigc-ther,  bringing  down  a  block  of  coal  S9  ft,  long  by 
3  ft.  thick  and  2  ft.  10  in.  high,  wdgliing  about  ten  totia.  Tho  average  time 
ocfiipieil  in  bitring  a  bole  O'y  niechanieoT  drill),  cbargiiig  and  taiii|jing  tt^  and 
watering  the  charge^  wfu  twenty  niiniitts.  The  usual  operation  of  bnngtug  driwu 
tins  ?ery  linrd  coal,  by  wedging,  is  exccMBdingly  plow  and  laboriouii. 
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and  above  all,  safety,  this  method  of  detaching  coal  appears  to  rank 
before  any  otiier  yet  tried.  Besides  entirely  avoiding  the  nse  and 
production  of  flame  or  fire  in  the  blasting  of  the  coal,  the  operation 
is  conducted  gradually  and  almost  noiselessly,  and  the  raising  of  dust 
by  the  more  or  less  violent  concussions  which  attend  the  employment 
of  ezploaves  in  any  form  or  manner,  is  avoided. 

It  is  insisted  upon  by  a  great  majority  of  those  most  competent  to 
judge,  thmt  the  employment  of  explosives  cannot  be  dispensed  with  in 
the  profitable  working  of  coal  mines.  That  the  use  of  gunpowder  in 
the  osdinary  way,  even  with  strict  attention  to  all  practicable  pr^ 
eantionB,  is  a  most  prolific  source  of  accident,  has  long  been  recog- 
nised.  The  development  of  safe  methods  of  applying  explosive 
igents,  or  of  simple  and  effective  substitutes  for  them,  is  therefore 
of  Boch  paramount  importance  in  securing  protection  to  the  miner 
againsi  the  dangers  of  fire-damp  and  of  coal  dust,  that  those  who  are 
cntnnted  with  the  management  of  coal  mines  should  spare  no  exer- 
tioDS  to  test  rigorously  but  fairly  the  merits  of  any  proposals  which 
•find  promise  of  success  in  this  direction. 

[F.  A.  A.] 
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ANNUAL  MEETING, 

Monday,  May  1,  1882, 

Thomas  Boycott,  M.D,  F,L.S.  Maejiger,  in  the  Chair. 

The  Annual  Beport  of  the  Committee  of  ¥iflitoTs  for  the  year 
1881,  teetifying  to  the  continued  proeperity  atid  eflScicnt  nmnttgement 
of  the  Institntion,  was  read  and  adopted.  The  Real  and  Fimdod 
Property  now  amounts  to  above  85,4uOL,  entirely  derived  from  the 
Contributions  and  Donations  of  the  Mcmborg. 

Fifty-two  now  Members  paid  their  Admission  Fees  in  1881. 

Sixty-two  Lectures  and  Nineteeti  Friday  Evening  Discourses  were 
deliTered  in  1881. 

The  Books  and  PanaphletB  presented  in  1881  amounted  to  about 
270  volumes,  making,  with  623  volumes  (ineluding  Periodicals  bonnd) 
purcliased  by  the  Managers,  a  total  of  893  volumes  added  to  the 
Library  in  the  year. 

Thanks  were  voted  to  the  President,  Treasurer^  and  the  Honorary 
SecretaricBj  Warren  Do  La  Ruo,  Esq,  and  William  Bowman,  Esij.  to 
the  Committees  of, Managers  and  Visitoi-s,  and  to  the  Professors,  for 
their  v&lmiblQ  servicoe  to  the  InstitutioEi  during  the  past  year. 


The  following  Gentlemen  wore  unammously  elected  as  Officers 
for  the  ensuing  year : 

pHESroKNT— The  Duke  of  Northumberland,  D.C.L.  LL,B. 
TERAaiTEEB— George  Busk,  Esf^,  RR.S. 
SiOBETAHT — William  Bowman,  Esq.  LL.D,  F.R,S. 


Manaoebs. 

Bight  Hon,  Rohert  Boarke,  M.P, 
Thnnu  Boycott,  M.D.  F.L.S. 
Joseph  Brown,  Esq.  Q.C. 
War»n  De  La  Rue,E«q,  M.A.  D.C.L.  F.K.S, 
Colonel   J&iflifl  AugmLuj  ifrant,  C.B„ 

C.S.I.  F,R,3. 
Hon.  Sir  William      Grove,  M.A.  DXX. 

iLD.  F.R.S. 
Rifht  Hon- The  Lord  Clnad  Ha  mil  ton,  J.  P.  i 
Csewir  Henry  Hawkina,E«q,  F.R.S-  F.R.C.S. 
Sh  Jtiha  Hdwkshaw,  F.B.S.  F.Q.S, 
Williiim  HuggiM^  Esq.  DX.L.  F,R.S, 
John  Fletch€r  Mooltou,  F^q.  M.A.  F.R  S, 
Sir  Frederick  Poll&ck,  Bnrt  M.A. 
Henry  P«U&ckj  Esq. 
John  Rue,  M.Il.  LL,D.  F.R.S. 
William  Spottuwoode,  Esq.  M.A.  D.CL 

Pr«,  R.a 


VisrroBs. 

John  Birkett,       F.L.S.  F,R,as. 
Chailes  James  Bask,  Esq. 
GeoTK^j  Frcd«Hck  ChamlniJTi,  Esq.  F.R.A J. 
FrfiDk  Criap,  Eftj.  LLB.  B.A,  F.L.S. 
Henry  Herbert  Stephen  Croft,  Esq.  M.A. 
Aleiaiider  John  Ellis,  Esq.  B.A,  F^A. 

F.R.S. 
Charles  Lyall,  Esq. 
Robert  Maun,  M.D.  F.R.CS. 
Henrv  Maudfile)\  M.D. 
William  Henry  Micbftel,  Eiq.  Q.C. 
Hii^o  W.  MUller,  Esq.  Ph.D.  F.R.S, 
Laclilan  Mackintoah  Rate,  Esq.  M.A, 
The  Hon,  Rotlo  Rur«11,  F.M.S. 
JqIio  Bell  Swlgwkk,  Esq.  F,R,G.S. 
George  Andrew  Spottj^wo^de,  £Aq^ 


Prof,  B,  Grant  on  the  Fro^  Motions  of  the  Stars. 
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WEEKLY  EVENING  MEETING, 
Friday,  May  5,  1882. 

Wabrek  Be  La  Eok,  Esq.  M.A.  D.OX.  F.R.S.  Vico-President^ 
in  Uie  Chafr. 

Peofebboe  R.  Grai^t,  M.A.  LL.D.  F.E,9. 

The  Proper  Moiiom  of  the  Star^. 

spectftcle  presented  by  the  stellar  heiiveiiB  as  viowed  by  ordinary 
is  charactarised  by  two  remarkable  foaturea^  the  absence  of 
tmiformlty  in  the  brightueefl,  and  the  absence  of  uniformity  in  tbo 
di«tribatioa  of  the  stars.  Certain  of  the  stars  soon  came  to  be 
DMsogaidable  by  their  superior  lustre,  and  certftiu  groups  of  stars 
bmD'e  familiBLriy  kno^n  as  so  many  landmarks  in  the  Btcllar  fiimo* 
ment  The  way  was  thas  prepared  for  an  important  discovery.  It 
wu  afioertained  respecting  a  limited  number  of  the  stars  that  their 
pliees  m  the  havens  relatively  to  the  general  multitude  of  the  stars 
were  «>ntinnally  changing.  They  oonseqnently  received  the  appella- 
tion of  planets,  or  wandering  stars,  while,  on  the  other  hand,  the 
itvs  in  general,  in  consequoDce  of  their  alvrays  maini^dning  the  same 
reiatiTe  position »  were  denominated  fixed  stars.  Ptolemy,  in  his 
great  work  npon  the  astronomy  of  the  ancients^  places  the  earth  in 
the  centre  of  the  noiverse,  and  assumes  the  sun,  moon,  and  planets  to 
tit  refdving  in  orbits  around  it,  wbile  beyond  all  was  the  sphere  of 
the  fixed  stftr%  which  revolved  with  a  uniform  motion  around  the 
iwth,  effecting  a  complete  revolution  once  in  eyery  twenty-four 
boors.  No  opinion  is  expressed  respecting  the  nature  of  the  stars, 
ma  m  my  allosion  made  to  the  possibility  gf  the  stars  being  endued 
villi  a  proper  motion. 

When  CopemiciiR  propounded  the  true  system  of  the  universe,  he 
Mde  the  earth  a  planet  revolving  like  the  other  planets  round  the 
m,  tmd  be  explained  the  phenomenon  of  the  diurnal  revolution  of 
tht  starry  sphere  by  the  revolution  of  the  earth  upon  a  fixed  axis  ia 
lli  opposite  direction*  No  opinion  was  expressed  by  hitn  respecting 
iSm  physical  nature  of  the  celestial  bodies,  or  their  having  any  |^ro- 
bilkle  commimity  with  the  earth  m  this  respect.  Indeed,  it  could 
lufdly  be  said  that  any  new  light  was  thrown  upon  the  physics  of 
M^mioioj  by  the  theory  of  Copernicus.  As  a  msthematical  exposi- 
tiffls  of  the  movements  of  the  celestial  bodios  it  was  eminently 
fMngfuL  Indeed,  it  wsnted  only  the  discoveries  of  Kepler  re- 
i^MTfing  tlie  elliptical  movements  of  the  planets  to  make  it  perfect 
11  flua  retfeet.    But  it  must  be  acknowledged  that  in  the  system 
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propounded  by  Copernicus  the  earth  was  regarded  m  the  body  of 
paramount  importance  in  tbe  univcrBe. 

It  was  the  invention  of  the  telescope  and  itg  application  to  the 
purpoBcs  of  astronomical  observation  which  first  revealed  to  the 
human  mind  the  marvellous  extent  of  the  physical  tmi verse,  and 
siiggestetl  the  idea  that  the  eai-th  might  be  a  mere  atom  io  comparison 
with  tho  vaBtnoBS  of  the  matoriftl  system  bciyond.  When  it  was  dis- 
covered that  the  planets  are  round  dark  bodies  like  the  earth,  shining 
only  by  the  reflected  light  of  the  sun,  and  that  they  presented  ap- 
parent  diameters  of  sensible  magnitude  when  viewed  through  the 
telescope,  no  doabt  was  henceforward  entertained  that  the  planets  are 
bodies  comparable  with  the  earth  in  magnitude,  and  that  the  earth  ia 
merely  one  of  a  family  of  siniilar  bodies,  which  revolve  in  orbits  of 
different  magnitudes  around  the  sun.  It  ia  worthy  of  remark  that 
Graliloo,  to  whom  is  due  the  telescopic  discoveries  which  first  dis- 
closed the  vast  extent  of  the  material  universe,  has  nowhere  eacpressed 
any  opinion  respecting  tho  nature  of  the  stars.  His  mind  was  pro- 
bably too  much  occupied  with  the  more  imraetlmto  cousoquonceB  of 
his  discoveriee  to  indulge  in  Bpcculations  leading  to  more  remote 
concludona ;  and  a  similar  remark  is  generally  applicnble  to  his 
Bucceasors  in  the  field  of  telescopic  exploration,  who  flonriBhed  during 
the  seventeenth  century*  It  was  reserved  for  Hayghens  to  projwund 
the  doctrine  that  tho  stars  are  suns.  This  he  did  in  a  work  on 
Cosmical  Asti'onomy,  wbich  was  puhliahed  in  1699,  shortly  after  his 
death.  Hen cefer ward  the  etare  have  been  rrgardod  by  astronomers 
as  Belf-luminons  bodies,  comparable  in  magnitude  and  splendour 
with  tho  euD. 

While  more  correct  ideas  were  being  formed  respecting  the  nature 
of  the  stars,  the  method  for  ascertaining  the  exact  position  of  an 
object  in  tho  celestial  sphere  underwent  at  the  same  time  a  complete 
revolution.  The  telescope  in  its  original  form  was  not  suited  for 
aiding  the  observer  in  fixing  the  precise  position  of  a  star  in  tho 
heavensj  but  tho  snbBoqciciit  form  of  the  telescope,  oonsistiug  of  a 
combination  of  two  convei  lenses,  suggested  the  admirable  invention 
of  telescopic  sights^  which  may  be  said  to  constitute  the  foundation 
of  all  exact  astronomy.  The  places  of  tho  stars  were  now  determined 
with  a  vastly  gTeator  degree  of  precision ,  and  the  way  was  thus  pre- 
pared for  the  consideration  of  the  important  question  whether  tho 
epithet  Jia^  is  strictly  applicable  to  those  bodies,  or  whether  they 
might  be  rather  endued  with  a  movement,  so  extremely  slow  as  to 
have  hitherto  eluded  detection. 

To  H alley  is  due  tho  discovery  of  the  important  fact  that  some  of 
tho  stars  have  a  proper  motion.  In  1717  he  eommuaicated  a  paper 
to  tho  Royal  Society,  in  which  he  showed  that  a  comparison  of  the 
places  of  Sir  ins,  Arc  turns,  and  Aldebaran,  as  determined  by  Hip- 
parchiifi  about  the  year  130  b.c,  with  correGponding  observations  of 
the  same  stars  made  by  himself,  clearly  indicated  that  during  the 
intermediate  interval  the  stars  had  sensibly  moved  southwards  with 
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reject  to  the  eeliptlc,  and  he  obtaitied  &  farther  confiimfttion  of  thig 
fmlt  by  ex&minmg  the  account  of  an  occultatiou  of  Aldebaran  by  the 
moon,  obeerred  at  Athens  in  the  jbav  5Q9  Ajy. 

A  few  yearn  afl^r  HalJej  onnouDced  this  important  fact,  Bradloy 
Bade  his  &raons  discovery  of  the  aberration  of  light,  and  its  effect 
«pik&  the  apparent  place  of  a  star;  and  sabsoquently  the  same 
aitnKiOBLeT  discovered  the  apparent  sidereal  movement  depend  ing  on 
&e  vnfeation  of  the  cartTi^s  axis.  The  astronomer  cunld  aovy  ascertain 
the  tme  place  of  a  star  in  the  hoayens  with  a  precision  to  which  the 
resnlts  of  previoas  efforts  could  offer  no  comparison,  and  it  seemed 
pfobable  that  ere  long  the  great  problem  of  the  proper  motions  of  the 
ites  might  be  attacked  with  some  hope  of  sticcotis. 

To  ascertain  the  proper  motion  of  a  &tar  it  is  necessary  to  have 
two  weU  determined  places  of  the  star  aeparated  from  each  other  by  a 
goiEcicntly  great  interval  of  time.  Down  to  the  middle  of  the  last 
Ciontar^  no  snch  materials  may  bo  said  to  have  existed^  if  wo  except 
a  isolated  cases  snch  as  those  referred  to  by  II  alloy,  for  the  pro- 
bable errors  in  the  observed  places  of  a  star  far  exceed  in  magnitude 
the  minntc  qaantity  which  was  the  object  of  inquiry.  To  Bnwiley  is 
4m  ft  gr^t  work  of  observational  astronomy  which  has  cocstitnted  the 
htmB  of  the  more  extensive  invest! gat ioQS  of  the  preseut  day  relating 
Ift  &  propej-  motions  of  the  stars.  This  consisted  in  a  series  of  star 
obeennatioDs  executed  by  that  astronomer  at  the  Bojal  Observatory, 
(keeawich,  from  1750  to  1762,  but  which  it  was  reserved  for  Bessol, 
1^  gr«i^  G^man  astronomer,  to  reduce,  and  Anally  to  publish  in  the 
|«>r  1818.  A  comparison  of  those  star  places  with  the  corresponding 
molts  obtained  at  the  Greenwieh  Observatory  in  the  present  century 
hj  Bit  Ge«>rge  Airy,  the  late  Astronomer  Royal,  has  condueted 
i^trunouiers  to  important  conclusions  respecting  the  ivropor  motions 
the  stars.  Materials  tending  to  elucidate  the  same  great  question 
have  also  been  derived  from  the  star  observations  of  sevcrali  other 
■atronomcrs  of  the  present  century. 

[The  lecturer  here  exhibited  a  diagram  containing  the  folio  wing 
iOii^rations  of  the  proper  motions  of  the  stars : — 
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The  last  four  proper  motions  have  hoan  recently  detected  at  the 
Glasgow  Obeer^fttory,  where  a  system  of  star  observing  has  been  pro- 
secuted Bince  the  year  1860. 

It  mufit  strike  every  od©  who  inspocts  the  foregomg  list  that  the 
proper  motion  of  a  star  hae  no  relation  whatever  to  the  apparent  raagni- 
ttide  of  the  star.  Thus  Eigel,  otie  of  the  most  brilliant  stars  iu  tho 
heavens,  has  a  proper  motion  of  only  20"  in  a  thousand  years.  On 
ihe  other  hand,  the  star  1830  Groombridgo,  which  has  a  proper  motion 
of  7106"  in  a  thousand  years,  is  a  star  of  only  the  seventh  magnitude. 
The  same  remark  obviously  applies  to  the  other  stars  in  tho  list. 
And  yet  one  would  have  thought  that  the  brighter  etara,  being  pre- 
sumably nearer  to  us  than  the  fainter  stars,  would  for  that  reason 
have  a  larger  proper  motion.  With  resjKict  to  a  Centauri  and 
61  Cygni,  which  we  know,  from  the  res4^arclie6  of  astronomers  on 
their  parallux,  to  be  tho  two  nearest  stars,  it  turns  out  conformably 
to  whiit  one  might  expect,  that  they  have  also  large  proper  motionfi ; 
but  what  are  we  to  think  of  1830  Groombridge,  which,  although  a  star 
of  only  the  seventh  magnitude,  and  one  which  hardly  indicates  any 
eensible  parallax,  exhibits  notwithstanding  tho  largest  proper  motion 
of  any  star  in  the  heavens  ?  These  anomalies  are  doubtless  attribu- 
table to  diiferencea  in  the  absolute  magnitude  and  intrinsic  splendour 
of  the  stars,  and  furthermore  to  the  fact  that  the  proper  motions  as 
revealed  by  the  telescope  are  only  the  motions  which  are  resolved  at 
right  angles  to  the  line  of  sight. 

Heretofore  the  proper  motion  of  a  star  has  been  found  to  take 
place  constantly  in  the  same  directioQ^  and  as  the  angular  amount  of 
proper  motion  is  in  all  cases  exceedingly  small,  the  saiuo  result  will 
profjably  coutioue  to  manifest  itself  for  ages  to  come.  The  mean 
Bi>parent  diameter  of  the  sun  amounts  to  1944",  conso<iuently  Arcturtis 
would  require  nearly  a  thousand  years  to  describe,  in  virtue  of  his 
proper  motion,  an  arc  of  a  great  circle  of  the  celestial  sphere,  equal 
to  the  mean  apparent  diameter  of  the  sun. 

The  lecturer  next  adverted  to  the  interesting  epectroscopic  re- 
searches of  Huggins,  and  Christie  the  present  Astronomer  Royal,  ou 
the  proper  motions  of  the  stars  in  the  direction  of  the  line  of  sight, 
and  he  concluded  with  some  remarks  on  tho  great  problem  of  the 
motion  of  the  solar  system  in  space. 

tB.G.] 
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GENERAL  MONTHLY  MEETING, 
Monday,  May  8,  1882. 

WauAM  Spottiswoode,  Eeq.  M.A.  D.CX.  Pres.  E.S.  Manager,  in  the 

Cliair. 

Robert  Cordy  Baxter,  Esq, 
Goorgo  Olmstian,  E&q« 


Charles  Combo,  Esq. 
Carl  Haag,  E^q. 

JoliB  J.  Edwin  Mayal],  Esq.  F.C.8* 

Alfrtid  Meadows,  M*D* 

Mrs.  CliarlcB  W.  Mitchell, 

Colonel  Trancifl  Richard  Waldo  Sibthorp, 

Alexander  SiemenB,  Esq. 

MiB.  Alexander  Siemens, 

Arthur  John  Wright,  Esq. 


were  elected  Members  of  the  Royal  Institution. 

JoBK  Tyndall,  Esq.  D,C.L*  LL,D.  F*R.S*  was  rc-olectud 
Profc6«3or  of  Natural  PHlosophy. 

Two  Candidates  for  Member  ship  were  proposed  for  election. 

The  Pkesents  received  since  the  last  Meeting  wore  laid  on  the 
foHo,  and  the  thanks  of  the  Members  returned  for  the  same,  vi2, - 

rnoM 

J<rac£eBua  dei  lAneet^  Bms&t,  Borneo Aiii,  Serio  Tcrza :  YoL  YI.  Faeo.  %  10. 

AeimaricM,  IndUul^  o/— Jooroal,  Ka,  Vi^.   Svo.  1882. 
Jw£atScBoeUiM*^Smgal--Ftoi^mga^lio,n,mi.    No,!.   Svo,  18S2. 
AMie  BoMy,  Boytd^mrma,  Vol  XIY.  Part  2.   Hiro.  lSg2. 
AMmMieal  Sodeiv,  Boyal— Monthly  Notices,  YuL  XLtl.  No.  5.   Svo.  1S82. 
MkM^t  Jjuei'li(l«- JonmaV  Vol.  III.  Fart       »vo.  1882. 
BoMa  ObMirularv— BaiDrall  ia  tlie  East  Indiim  ArcUii^eUgo,  1881.   Bj  P.  A. 

Bergpma,      Director.   8vo.    BuUivin,  1HK2. 
Jplmirfgi*  Aeadem§  of  Seieneet^  Eiiyal — E^iizun^k^liericble  t  1882|  Ilc^ft  2.  Svo. 
BH^tk  ArfhiUet*,  May^  Inttitut^  t>/— Procecdmgs,  1881-2,  Nob.  Id,  4to. 

J8»1^2. 

Oanadd  Qmlogimt  and  Koiural  But&rif  5t*rw^— Beport  of  FrOffrc^b  for  1879-1880, 

withHap^.   Sro.  1881. 
Ckmmiml  Smtiy—Jawmid  for  Api  tJ,  1882.  Sro. 

<M  Jbf«i00r/ln4t<i«<<bi)— Minukfl  of  Froctiedmg^  Sro.  1 881-2. 

Orim,  JVanh,  JSW,  LL^,  F.LM.  JiVi»e,>r)— Journid  of  the  Bojul 

MJemoplai  Sodety,  Serieu  11,  Y<>!.  H.  Ptirt  2.    Svo,  1882. 
Dos:  8om^     Borda^BvLUetimt  2*  ScriG*  SepliL-mo  Adhi^:  THmeiitre  L  Svo. 

Dax,  lft82. 

£iltori — American  Joon^l  of  8denoe  for  April,  1882,  Bvo. 
AmAj^i  for  April,  im.  8to, 
Alhciunun  tot  April,  I  §62.  ilo. 
GhoidoAl  News  for  Aprt]»  J 882.  4ta. 
EngiiMMr  far  Apf  in  lt(«2.  ful. 
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Horological  JouthaI  for  April,  18S2,  6vo. 
Iron  for  April,  18S2.  ito. 
Nature  foi  April,  1862.    4 to. 

Revue  Scieutifiqne  niid  Bevue  Politique  et  Littemife  for  April,  1S82,  Ato, 
Telt graphic;  Journal  for  April,  18ii2,  foL 
Franklirf.  Imiitule^mnial  No.         8vo.  1882. 

Gffitfmpftiflal  Society^  ito|/oi— ProceeiliD^,  New  S^sries,  Vol,  IV* No. 5.  Bvo.  18S2, 
Geoiugical  Soekitf—hhsiracU  of  Pr s icf^^i  nga,  1 8 1  - 2,  Nf>g,  4 1 9,  420,    8 vo . 
I7!a^w  P/iifi3«op&iVai  Si*eidtj—ltepoTlB  on  Exhibition  of  Apparatua  for  UtilizA* 

tion  of  Gns,  Elo^itricity,  &o.    8ept  Oct,  1880.    Svo.    J 882. 
Mutn^slon,      If.  Em.  M,A,  F,GS,  M.R.I.  (the  AtdJiory—Oii  Deep  Sfea  InTeaUga- 

tion.    gvo.  1882* 
Iron  and  Steel  Inttilate—JoamBl  for  1879,  1880,  Rud  1881*  8ro. 
lAnnean  Socictij—JoumRl,  Nos.  92,  11 7- 1 1 9.   Svo.    18  82- 
Linbon^  Sotn'tdade  de  Geogirnp/ij'dh— Boletim,  2"  Sorie,  Nob.  9,  10.    8va  18SL 
MitcCarmae^  Sir  William  (on  behalf  of  thfr  Couijcil) — Tmasactinns  of  the  Inter* 

natiorial  Mefli<34il  CotigryaSt  Au^^.  18S1.    4  vols,    Svo,  1881. 
Meciiaiiioal  Engineer^^  ifi^/ifwdbn— Proci^e+ling^B,  No.  1.    8to.  1882. 
Mcdiml  and  Chirttrgifal  Society — Proceed Int^s,  Part  54.    yvo.  1882. 
Meteorological  OJUce—Commnniisaiifms  from  tUe  Interofttioiial  Pol  ox  Oommieeiim, 

Part  2.    4to.    St.  Poteraburg,  1882. 
Meteorological  Sbcid^— QQarterly  Jaunml,  No.  4t.    8 to.  188^. 
Kational  A»nocialion  frtT  Social  Science — Tranjactionfl,  Dublin,  1881.   8to.  1882* 

Proceedings,  Vol.  XV.  No.  5.    &vo.  1882. 
I^umimaiic  Society — Numismatic  ChiDnlcle  acd  Journal.    3rd  Serloe.  Nt«,  1-4. 

«?o.  1881. 

rharmaceutical  Society  of  Great  Britain — Journal,  April,  1882.  8to. 
Photograf^tc  Socieiy^immsL]^  New  Series,  Vol.  VI.  No.  7.    Svo.  1882. 
E&yal  Socieiv  o/£iiiit6wrffA— Tmnaftctiona,  Vol  XXX.  Part  1.    4to.  1880-1. 

Proceedings.  VoL  XI.   8m  1S80-1, 
SooUith  SociHy  of  Art$,  Jfewof— TrtirtaactiouB,  VoL  X.  Part  4,   8vo.  1882, 
Sorietff  of  j4r/ff— Jouruftl,  April,  1882.  Svo. 

StatJmm,  H.  //.  Eitq.  (the  jtuiAfrr)— Nntee  on  Ornnmeut,   (Lectures  delivered  al 

th e  Koy ul  I natitu turn.)   ( For t f ( >1  io,  A pri 1 ,  1 882. ) 
SMitiicat  Socielfj—Jonmn],  Vol,  XLV.  Part  L    Svo.  1882. 

St.  PeterihoitTg^  Acadnnie  drtt  iSetWieci^MfJuioifeij,  TotDe  XXIX,  Koa.  8,  4. 

Tome  XXX.  Noa.  1,  2.   4to.  1881-2. 
Symom^  O.  /.—Monthly  Meteorolosicnl  Jlagazine,  April,  1882.  8vo. 
Talegnph  Englneertt,  Society  o/— Vel.  XI,  No.  41.    Bva    IS 82. 
Univerwiiy  of  iott^Zon —Ca  1  endar  for  1  eS2 .    1  2dio.    1 8  82. 

Verein  xur  Befi^rdentng  dm  Gm/ceiM^eutse«  in  Pr«*f#en — Verliaodlungea,  1882  : 
No.  3.  410, 

Fw^arm  7F*»i*7tt*<— Journal,  No.  61.    Svo.  1882. 

Zoolmieal  Society^Trtxmmtions,  Vol.  XI.  Part  C.   4lo.  JSS2. 

Index  to  Tmuaactiona,  Vols.  I.-X,    4to.  1882. 

Proceedings,  1881,  Fart  4.   8to.  1H82. 


WEEKLY  EVENING  MEETING, 
Frid&y,  May  1%  1883, 
Sib  Feedeihce  Bbamwbll,  F.R,S,  in  tho  Chair. 

A,  G.  Ybbnon  Habcourt,  Esq.  M.A.  F,Il*S, 
r^e  Edatim  Valm  of  Different  Modes  of  Lighting, 
(Abstract  defcrfed.) 
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WEEKLY  EVEOTNG  MEETING, 

Friday,  May  19,  1882. 

William  Bowhait,  Esq,  LL,B.  TMS,  ITotiomry  SecrotATy  md 
¥  ice-President,  in  the  Chair. 

Sm  Fbei>eiiicii  BaiMWEiii*,  P,B.S.  MJl*L 

TSe  Makintj  and  Working  of  a  Channel  TunneL 

is  the  title  of  my  lecture  thia  avemng,  and  you  will  gather 
inm  it  ihmt  1  come  before  yon  with  praA^tically  an  abelract  proposi- 
lioii;  thm  1  do  not  ask  you  to  consider  with  nio  wbc^ihor  the  tunnel 
ibonld  be  made  at  all,  whether,  if  nmdc,  it  wouhl  ho  a  pecuniary 
fneooflB  in  the  way  of  earning  a  large  revenue,  or  whether,  if  nimlo^ 
it  would  detract  in  any  appreciable  degree  fixnn  the  eafcty  t^f  our 
|K»itioti«     These  ore  contentious  matters,  and  tkcse  are 

 t  purposely  omitted  from  my  lecture  of  to-night. 

We  will  leave  for  the  Society  of  Arts  tbe  consideration  of  the 
qoMtioii,  whether  tboee  men  who  are  willing  to  embark  their  money 
m  SQcb  an  mdertaking,  arc  wise  or  not,  and  to  it,  and  to  the  8Uti^tical 
Society  we  will  leave  the  question,  whether  persons  who  base  their 
fgtrmiitgfl  of  revenue  upon  existing  traffic,  and  do  not  allow  for  the 
dev^luptnent  arising  from  an  improved  mode  of  communication,  are 
m  ttuwisei  as  those  who^  in  the  early  days  of  railway^^  opposed  dtom 
Oft  iJtm  ground  that  they  never  could  pay,  because,  as  those  persons 
dMwedg  ^  etage-coach  and  the  canaUbargo  transported  only  $a 
pinwmigcrs  and  so  man^  tons,  supplemented  by  the  tonnage  of 
ib9  tfm  WAggouB,  and  they  argued  that  the  fares  and  freights  to  bo 
eaniedfcKr  tbie  transportation  of  the  whole  of  these  passengers  and  tons, 
to  far  from  yielding  a  dividend,  must  be  utterly  iuadetj^uate  to  cover 
vorldsg  expenses. 

We  will  lesTe  these  Societies  jointly  to  consider  whether,  if  it  bo 
tfamiglii  deeoiable  to  make  a  bridge  with  spans  of  nearly  a  third  of  a 
niile  in  lemgthf  and  of  a  height  of  150  feet  above  the  water,  and  450 
iart  fktND  the  <^treuc  top  of  the  piers  to  the  bottom  of  the  foundations, 
WW  tbe  Firth  of  Forth,  to  connect  up  a  population  of  only  about  a 
iBtlikm  north  of  that  Firth  wnth  the  country  south  of  it,  and  to 
expend  two  millions  sterling  on  stich  a  bridge,  it  is  desirable  to 
iaqiroTe  the  means  of  communication,  and  render  them  free  from  all 
perils  aiad  questions  of  the  sea,  between  the  whole  of  Great  Britain, 
with  itn  thirty  millions  of  population  and  its  wondrous  manufacturing 
and  pntdoclive  power,  and  the  continent  of  EurupOj  and  through  that 
with  our  pcwsosfiionR  in  India  and  Austriilia.  Finally,  wo 
liATeit  to  the  United  Service  Institution,  guidwl  in  their  dulibora- 
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tionB  by  tlie  Report  which  will*  I  presume,  soon  issued  by  the 
Commission  appointed  for  the  purpose,  to  consider,  wLcthor,  by  tlio 
niakiug  of  two  covered  raviacfi  20  milea  iu  lengthy  and  btiTiiig  aoch 
of  tbem  ft  width  of  only  14  feot,  the  safety  of  otir  insular  position, 
diiuiniglied  m  tbat  eufety  iB  in  these  dayg  of  mpid  ste&m  propulsion 
jmd  transportation,  would  be  affected  in  any  appreciable  degree. 

I  am  afraid,  that  notwiibstanding  mj  guarded  uttGranees,  you  may 
have  gathered  what  my  viewa  are  on  thoso  points  which  I  am  not 
to-uigbt  to  enter  upon,  lf»  however,  any  here  have  not  bo  gathered 
them,  I  can  only  say  to  those  who  may  be  interested  in  Jmowing 
what  my  opinion  is,  that  in  the  nght  places  and  at  the  right  times,  I 
am  fully  prepared  to  clearly  state  my  views^  and  to  give  reasons 
for  the  faith  that  is  in  me  concerning  them. 

In  the  interest  of  a  Channel  tunnel,  what  a  buppy  circumstonoo  it 
was,  that  the  unknown  platelayer  of  the  Sto<;kton  and  Darlington 
Railway,  who  took  there  the  gauge  bo  had  used  in  the  cpUiery 
Hues,  had  not,  at  about  the  same  time,  imitators  in  France,  and  in  the 
different  countries  of  the  Continent.  No  doubt,  if  in  these  coimtries 
the  development  of  railways  had  been  made  simultaneously,  by  their 
engineers,  with  the  development  of  railways  in  England,  we  should 
have  had  some  highly  scientific  fraction  of  an  imaginary  section  of 
tho  earth's  surface — a  fraction  containing  probably  six  places  of 
decimals  and  some  repeaters — acknowledging  the  want  of  absolute 
accuracy  in  the  decimal  quantity— adopted  as  the  gauge  of  the  lines 
of  railway  in  France,  another  one  in  Germany,  and  a  third  in 
Italy ^  But  luckily,  when  railways  spread  on  tho  Continent,  they 
Bpr*aid  from  England,  and  they  spread  by  means  of  English  en- 
ginoersj  and  before  our  Continental  friends  knew  where  they  were 
they  found  themselves  employing  the  4  feet  8  J  inch  gauge,  with 
which  the  railways  in  this  country  are,  as  a  rule,  laid.  So  it  is,  that, 
excluding  the  Peninsula  and  Bussia,a  railway  carriage  may  start  from 
Calais  and  go  over  the  whole  continent  of  Europe ;  and  so  it  will  bo, 
when  a  Channel  tunnel  ia  made,  that  a  railway  carnage  may  start 
from  Thurso  or  Wick,  and  passing  through  Loudon,  may  join  on  to 
the  train  from  Charing  Croes,  traverse  the  tunnel,  and  continue 
without  any  break  of  gauge,  or  trans-shipment  of  passengers,  through 
Franco,  Italy,  and  Germany. 

Having  premised  this  much,  I  will  at  once  pass  to  the  first  of  the 
two  divisions  of  my  lecture— TA^  MakiTig  of  a  Channel  TunmL 

Those  who  have  etudietl  the  subject  of  tunnel-making  will  be  aware 
that,  as  a  rulo,  ttinnela  cither  have  to  be  carried  through  soils  of  so 
loose  a  character,  that  they  cannot  stand  for  a  moment  without 
support,  or  they  have  to  be  executed  iu  rock,  more  or  less  hard,  often 
much  harder  than  can  bo  dealt  with  by  band  labour.  In  this  latter 
caso,  the  driving  forward  is  offectcd  by  blasting,  an  operation  involv- 
ing either  great  manual  labour  for  tho  preparation  of  the  holes  into 
which  tho  bloating  charges  are  to  be  put,  or,  in  later  days,  involving 
the  employment  of  moehinory  (worked  by  compressed  air)  to  make 
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^ese  holoe,  Th&m  we,  poptilarly  speaking,  Iho  two  great  diTifiiona 
of  tnnnel-fnaking. 

There  is,  however,  one  well*known  oxc^ptioaal  c»so,  where  » 
txmnal  was  driYon  through  an  all  but  flaid  material  in  the  bed  of  tho 
liver  Thftmee.  I  mean  BmacrB  celebrated  ttum&l,  now  used  m  A 
pdrtioD  of  the  East  Ldutlon  Railway, 

In  ordinary  railway  tunneUingj  mch  as  we  meet  with  in  Englanfi» 
it  iM  cuniinotily  posfiihlo  to  gink  shafts  at  frequent  LnterTals,  and 
in  ihifi  way  to  tnultiplj  the  number  of  faces,  or  ends,  at  which  tuqu 
can  work ;  but  in  the  case  of  the  ^re&t  tunnels  made  of  late  years 
imdcr  high  mountainB,  suah  as  the  Mont  Oenis  tunnel,  7.^  miles  long, 
isd  the  8t»  Gothard  timnel,  9|  miles  long,  it  m  not  possible,  having 
nprd  lo  the  eipenaw  of  the  deep  shafts,  and  the  comparativoly  iu- 
■ooMwbl^  positions  of  their  months,  to  accelerate  the  rate  of  progress 
or  to  i4d  to  the  ventilation  by  their  use,  and  in  gaoh  cases  it 
bseonies  necessary  to  do  the  whole  of  the  work  from  the  two  end^. 

Hitherto  I  have  spoken  of  railway  tunnels,  1  may,  however,  be 
permitted  to  remind  you  that  tlie  earlier  tunnels  made  in  England 
were  those  employed  for  canal  purposed ;  tbeae,  however,  must  not 
b©  further  referred  to,  nor  will  I  delay  by  calling  your  attention  to 
Ihe  great  caaftl  tunnel  maile  in  France  in  tho  year  IGBl,  or  to  the 
ftill  earlier  tnnnel,  the  Grotto  of  Posilipo  at  Naples. 

Besides  tunnels  proper,  there  ore  subterranean  workings,  to 
wfaadi  llie  term  tunnel  is  not  applied,  hut  which  are  tmiloubtedly  m 
ilricliy  ifULoels  as  are  those  through  which  trains  pass  or  along  which 
barges  sre  hsnled*  You  are  of  course  aware  that  I  am  nlluding  to  our 
grest  utiddfground  works  for  mining  purposes.  Here,  at  depths  below 
the  sar&oe  vsirying  from  a  few  huudml  yards  to  half  a  mile,  and  in 
feiv  iBstances  extending  below  the  bed  of  the  sea,  we  have 
which  even  in  a  single  colliery  have  an  aggregate  length  of 
miles,  excavated  by  means  of  only  two  shafts,  and  carried 
tikioiigh  rock  of  the  most  varied  character,  and  too  frequently  snb- 
jMled  k»  the  dangers  arising  from  the  firing  of  the  gases,  and  from,  as 
vt  «m  so  well  shown  a  few  weeks  ago  by  Mr.  Abel,  the  dangers 
•rimg  ffom  the  explosion  of  the  dust  with  which  these  galleries  are 
h  mmy  places  covered. 

Am  ftegnrds  strati  6  cation,  obviously,  if  it  were  a  matter  of  choice, 
tlio  unstable  earth,  nor  the  clay  which,  although  easily  cnt, 
be  left  for  a  moment  without  support  by  timbering,  pending  the 
niltiig  in  of  the  permanent  linings  would  be  selected,  neither  would 
bs  chosen  the  rock  which^  although  capable  of  standing  alone, 
4imsiiilii  for  its  excavation  the  labour  and  cost  incident  to 
dnttmg  sod  blasting  operations,  and  demands  also  the  great  expendi- 
Im  €f  tune  needed  fur  working  under  these  circumstances. 

The  perfect  material,  m  far  as  regards  its  excavation,  would  bo 
«Mi,  which,  while  it  was  cjipablc  of  being  easily  cut,  was  also  cajMiblo 
tif  td/HRipp^irt  for  a  long  time,  if  not  in  [lorpctnity  ;  and  fui'thcr,  if  in 
to  ibese  two  excellent  qualities  as  regards  excavation  and 
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mBinteDaneo  of  form,  &  material  could  bo  fomifl  which  was  practically 
impermeable  to  water j  I  tliiijk  it  must  bo  iwimittcd  that  this  wonld 
bo  the  Btrfttifieation  of  all  others  which  the  engineer  would  seek, 
bad  he  the  power  of  Eelection.  But  in  most  cases  of  tunnelling,  still 
more  in  the  case  of  a  Channel  tunnel,  the  engineer  is  bound  bj 
conditions  which,  except  within  very  narrow  limits,  prevent  him  from 
Bolecting  his  stratifieation ;  ho  is  compelled,  as  a  rule,  to  tajca  such 
etratifieation  as  may  eccm-.  If  this  ho  true  ordinarily  of  a  liiio  of 
railway  through  the  countryj  how  much  more  is  it  true  in  tho  case 
of  a  Channel  tunnel  ?  Looking  at  the  map,  wo  see  the  Channel, 
in  its  extent  from  tho  Lizard  to  the  North  Foreland,  ranging  in  width 
from  100  to  60  or  fiO  miles,  oicept  in  one  place,  but  a  I  that  one 
place,  viz,  for  the  short  length  between  Boulogne  and  Calais  on 
the  French  side  and  Hythe  and  Dover  on  the  Euglish  siJe,  we  find 
tho  Channel  reduced  to  a  width  of  gome  20  miles.  Obviously,  all 
other  things  being  eq^iial,  it  is  in  this  part,  on  account  of  its  narrow- 
ness, that  the  tunnel  should  be  made,  and  there  are  further  reasons 
why  this  place  shonld  be  chosen, — This  liarrower  part  baa  been 
selected  from  the  earliest  times  for  the  crossing  from  side  to  side,  and 
in  that  way  the  roads  first,  and  the  raUways  afterwards,  have  on  tho 
two  sides  converged  towards  this  part,  and  thus  there  exist  already  the 
inland  commun (cat lone.  As  I  have  said,  everything  shows  the  desir- 
ability of  having  the  Channel  tunnel  in  this  narrow  pari  Then  cornea 
the  c^uestien,  is  it  at  this  narrow  part  that  the  desirable  stratification  ia 
to  ho  found?  Well,  most  fortunately  we  do  find,  m  stated  on  the 
highest  geological  authority,  that  there  ig,  on  the  English  shore 
and  on  ^e  French  shore,  the  very  formation  of  all  others  which  is 
desired* 

Every  one  knows  that  on  the  two  sides  of  the  strait  there  are 
chalk  clifis,  and  that  this  formation  extends  inland  in  both  countries 
for  Bome  distancts  Chalk,  wo  are  weU  aware,  is  a  material  readily 
cut,  and  when  not  exposed  to  the  weather,  is  self-en pporting.  But,  it 
may  be  saiJ^  how  about  the  water  ?  Is  not  tho  chalk  the  very  form- 
ation in  wlueh  water  is  sought  and  from  which  it  is  obtained  in  such 
quantities  for  the  supply  of  towns '?  and  of  myself  it  may  bo  asked, 
Are  not  yon  ono  of  the  engineers  who  some  three  or  four  years 
ago  suggested  that  so  far  m  regards  its  potable  water,  London  should 
be  supplied  from  the  chalk  ?  How,  tho^efore^  can  such  a  material 
be  ono  in  which  to  make  this  tunnel?  Further :^ — it  is  well  kuovni 
that  on  the  beach  in  Bt.  Margaret's  Bay,  and  about  there,  the  fre.^h 
water  wells  up  from  tho  chalk  in  volumes*  This  is  all  .perfectly 
teue,  and  if  there  were  only  one  kind  of  chalk  it  would  be  an  ei- 
tremely  pertinent  criticism ;  but  there  is  chalk  and  chalh.  Jjot  mo 
aek  you  to  look  at  the  samples  on  the  table  and  at  tho  diagrams 
before  you.  You  will  see  there  the  white  or  upper  chalk  of  which  1 
have  just  been  speaking,  seamed  with  flints  aud  loaded  with  water ^ 
but  you  will  also  see  depicted  tho  lower  chalk  (grey  chalk),  or  "  craio 
do  lioucn,"  and  tho  chalk  marls. 
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Equally  exoalleiit  wiOi  the  upper  chalk  for  facility  of  cxoaTatioii  ia 
tliis  lower  climlk^ — indeed,  mucli  moro  eieelloct,  icasmuch  aa  it  is  free 
from  tlie  beds  of  flints-— -equally  excellent  with  tbo  upper  chalk  for 
iRmrring  its  form,  but  in  another  respect  infinitely  superior  to  the 
Vfiger  chidk,  inasmuch  as  it  is  practically  watertight— analysis  sbowa 
that  tlic  lower  chalk  cod  tains  much  clay  mingled  with  it  so  as  to 
^tter  into  its  composition  ;  it  Ib,  in  fact,  aii  uuburnt  natural  Portland 
cement ;  and  yon  will,  by  the  sort  of  dirt  pie  I  havo  formed^  sco  that 
it  is  Gipablo  of  being  worked  into  a  perfectly  watertight  puddle. 

Now  comes  the  qaestion,  does  this  material  exist  right  across  the 
dtaiui^  At  the  place  where  it  is  intended  to  make  the  timuel,  or  docs  it 
not  f  The  reasons  for  belicviug  that  it  exists  are  that  we  find  it  on  both 
lidM,  and  we  find  it  under  similar  conditione,  giving,  therefore^  good 
gmnd  for  the  opinion  that  there  is  uniformity  botwoen — an  opinion 
Mmigth/encd  by  the  fact  tbat  tbo  line  of  outcrop  of  the  gault  on  the  eoa- 
botioin,  m  determinod  by  sample- taking  soundings,  is  coiisisteut  with 
Am  indieationa  on  the  shore  a  aud  witlj  the  uniformity  between.  No  one 
can  mj  with  absolute  certainty  that  there  m  tbia  mitformity.  It  can 
•fker  all  be  only  a  matter  of  opinionf  but  the  probabilities  in  favour  of 
m  exiaiing  are  m  great  tbat  reasonable,  prudent,  business  men, 
funded  by  tbo  information  tlmy  receive  from  &cienti6c  gcologiBts,  are 
famid  to  be  willing  Ui  embark  tbcir  money  in  making  an  experiraetital 
lieadiDg  which  shall  solve  the  question;  aud  let  it  be  remembered 
that  if  they  are  wrong  the  whole  loss  falls  upon  themselves,  and  io 
addition  there  comes  upon  tbora  that  which  an  EogUshman  dreads 
more  than  the  loea  of  his  muncyj  i*  c.  ridicule,  the  "  I  told  you  so's  " 
of  hia  lens  adTonturous  friends ;  but  if  these  prudent  business  men 
be  right,  then  I  tliink  you  will  agree  they  Efbould  have  a  fair  profit 
for  their  Tentxire.  But  to  whom  will  the  great  profit  accrue?  Not 
to  the  makera  of  the  tunnel,  but  to  the  cammmiity  at  lurge.  It 
apnza  to  me,  therefore,  that,  looking  upon  these  makers  of  the 
mbmarino  railway  on  the  one  side,  and  the  public  on  the  other,  it 
viU  be  seen  that  the  public  are  engaged  in  that  very  safe  game 
vbemii  while  no  hitrt  can  happen^  great  benefit  may  accrue  to  them, 
vbenm  tbose  who  are  undertaking  the  expend tturo  are  so  engaged  in 
ihn  ffum^  that  while  tlioy  may  auSet  the  whole  of  the  lose,  they  can 
aalj  reap  a  fraetion  of  the  benefit. 

Now  yoo  mil  see  tbat  this  material— this  grey  chalk— is,  like 
lie  oommoii  cbalk«  cut  with  the  greatest  ease  by  means  of  an  onlinary 
poekel  knilbr  No  blasting  is  needed^  and  no  drUliug  of  holes  for 
«iilridgeiL  This  being  so,  how  shall  it  be  got  out— by  men  working 
and 'tools  of  thot  kind,  and  making  a  somewhat  irrcgular- 
bule?  I  think  it  is  seen  at  once  thia  is  not  the  mode, 
joa  betf  in  mind  first  that  we  eein  have  no  shafts  here,  multi- 
plying %h&  places  for  working,  aud  tbat  tbua  only  the  two  faces 
will  be  Avaifiable ;  and  next  tbat  only  a  certain  number  of  men  can 
Wk  i^uittl  a  face.  Itelieving  them  as  often  as  you  will  their 
mi  of  fXQggom  moit  be  slow,  the  cost  considerable,  and  tbo  need  uf 
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TentilAtion,  and  the  problom  of  how  to  TentLUte  undor  Buch  circam- 
Btaccee,  must  be  matters  of  difSoulty.  EverytMng  points  therefore 
to  the  employment  of  machinery;  this  must  howuver  be  worked  at 
a  diatancse  from  the  original  source  of  power.  I  flay  so  because  no 
one  would  snggeBt  that  a  steam  engine,  with  its  boiler  and  fnroaee, 
ehoultl  be  used  in  such  a  position  underground,  and  therefore  we 
must  tako  it  that  the  source  of  power  will  b«  situated  on  the  shore. 
Now  in  what  manner  is  the  power  to  l>e  traceported  ?  Fifty 
years  ago  power  waa  transported  to  such  places  by  a  mode  still 
perfectly  practicable  and  feasible,  namely,  the  making  of  a  partial 
exhaustion  at  the  source  of  power  by  means  of  air-pumps,  exhaust 
mains  connecting  those  pumps  to  the  engine  to  be  worked  at  a 
distance.  With  this  arrangement  it  will  be  seen  that  the  pressure 
ef  the  atmosphere  eiorted  on  the  pistons  of  the  engines,  to  the  ex- 
hanst  pipes  of  which  the  exhaust  mains  were  oonneoted^  produced  the 
requisite  power. 

This  then  was  the  system  of  couTcyance  of  power  by  exhaustion, 
and  it  had  the  merit  of  ventilating  the  place  where  it  was  being 
forked,  not,  it  is  true,  by  air  delivered  at  the  working  face,  but  by 
air  drawn  in,  if  I  may  so  phrase  it^  from  the  shaft,  and  all  the  way 
along  the  heading  to  the  working  face  to  feed  the  engines  which 
were  worked  by  tlio  exhaustion. 

Another  mode  of  conveying  power  in  these  days  is  by  the  laying 
on  of  gaa  to  work  a  gas  motor.  It  is  perfectly  feasible,  but  the 
resnlt  of  using  this  mode  would  be,  that  the  products  of  combustion 
would  vitiate  the  atmosphciro  ne^Jy  as  badly  as  it  would  he  vitiated 
by  the  employment  of  ooal-firca  underground.  This  mode  therefore 
is  unsatisfactory. 

Another  mode  would  be  by  the  conveyance  of  water  under  proasur© ; 
this  has  for  many  years  been  employed  by  Sir  William  Ajrmatrong, 
and  others  following  lAm^  to  transmit  power  to  a  digtance^  Such  ft 
system  is  free  from  the  disadvantage  of  vitiating  the  air  in  any  way, 
but  on  the  other  hand  it  does  not  contribute  to  the  ventilation.  It 
has,  however,  when  coupled  with  the  improvements  made  by  Mr. 
Crampton  for  the  special  purpose  of  tunnelling,  advantages  which 
I  shall  describe  later  on. 

Tho  most  modem  plan  of  ceovcying  powor,  is  its  transmission  by 
electricity ;  this,  like  the  hydraulic  mode,  neither  detracts  from  the 
purity  of  the  air,  nor  does  it  add  to  it 

There  remains,  however,  the  converse  of  the  exhaustion  system^ 
which  is  the  one  commending  itself,  I  think,  upon  many  grounds  as 
being  very  applicable  to  tho  transmissiou  of  power  to  the  end  of  a 
long  tunnel  or  bea<ling.  I  mean  the  mode  of  working  by  com- 
pressed air. 

This  is  extremely  simple  in  its  operation.  Briven  by  a  sleMi 
engine  on  tho  aui-face  there  are  compressing  pumps  which  draw  in 
the  atmospheric  air,  compress  it  to  tho  desired  degree,  and  this  com- 
proRscd  air  is,  by  means  of  pipes,  carried  down  the  shaft  and  along 
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the  tmmel  to  the  £tca  whero  the  en^ne  is  employed  to  make  the 
vxca^mtion.  Tho  compreised  air  ftemea  on  the  pistons  of  thesQ 
Mi^aes  in  tho  same  nmiiJier  m  that  in  which  eteam  presses  on  tho 
fulon  of  A  eteam  etLgiue,  but,  fur  the  pttrpoeo  wo  aro  now  oonaider- 
vg,  there  ib  this  important  di^erence,  ^at  whereas  tho  eteatn  ongiue 
ddliTers  its  eihaa^t  steam  into  the  air,  thereby  filling  it  with  un- 
hrathable  Tsponr,  the  compre^ised  air  ongiuea  doLiver  tho  exhaust 
di-  into  tho  workings,  and  in  that  manner  the  Tory  machine  which 
ii  doing  the  work  is,  aa  an  ^eident  of  this  work,  offoetiug  tho  Tenti- 
ktioo.  It  most  not  he  auppoaed  that  comprcsaed  air  engines  are 
any  noTelty^  or  that  their  effieient  working  is  a  matter  of  doubt. 
They  haTe  been  employed  in  rarious  situations,  and  for  nndcrgronnd 
Ntpoaes  for  tnany  years.  They  were  used,  as  you  probably  well 
koow,  in  the  Mont  Cenia  tunnel,  and  in  the  8t,  Gothard  tunnel,  for 
working  the  drills  which  bored  the  tole®  in  wliich  the  cartridgoa  * 
lor  the  blasting  of  the  rock  were  plaoorl.  In  fact  the  mo<le  of 
ooostruction  of  these  engines^  and  tho  manner  of  their  using,  aro  as 
iteU  nndemtood  aa  aro  tho  mode  of  construction,  and  the  manner  of 
wm^  of  the  steam  engine. 

There  ta  known  exactly,  what  would  be  the  loea  by  friction  of  the 
emupFreaetl  air  in  passing  through  a  giren-si^ed  pipe,  a  loss  varying 
frith  the  velocity  and  with  the  pressure ;  and  upon  this  point  I  may 
mr  that  eompr eased  air  has  boon  worked  at  from  as  much  as  1000  lbs. 
00  the  wqwm  inch  down  to  as  little  as  30  or  40  lbs.  on  the  square 
hieli,  and  I  may  tell  you  that  a  pipe  little  more  than  1 1  inches  dia- 
aster  wcioXd  deliver  at  10  miles  distance  air  which  had  originally 
htm  at  50  lbs.  pressure  in  quantities  suiBcient  to  develop  ISO  horsa^ 
pover  at  the  working  face,  with  a  1ob^$  of  pressure  of  about  25  per 
flwLr  while  if  the  air  had  been  brought  up  to  500  lbs.  pressure  a  pipe 
a  little  over  4  inches  diameter  would  enable,  at  the  same  perceutage 
af  lo«a  of  frrasitxe,  a  similar  horse-power  to  bo  obtained  at  the  end  of 
1§  ndlos  of  such  pipe, 

Haviiig  determined  how  the  machine  is  to  be  driycn,  lot  us  next 
fonder  in  what  manner  it  shall  attack  a  stratification  capable  of 
hnoff  eaaily  cut.  An  obvious  way  would  be  to  scoop  out  channels  in 
lit  laoe  ci  tho  work,  and  to  make  these  of  such  depth  as  to  enable 
1km  block  contained  between  the  channels  to  bo  broken  oSl  and  taken 
mmy  aa  a  whole  j  but  jm  will  see  that  if  this  mod©  wore  adopted,  the 
vQfk  of  cutting  m nit  be  suspended  while  the  block  was  being  removed^ 
1^  tha  bloek  must  be  got  out  past  the  machine,  aud  that  this  would 
be  a  natter  of  dilBoulty,  especially  In  a  small  trial  hooding,  and  must 
mam  ielay. 

Qa  the  whole,  therefore,  it  becomes  much  more  simple  aud 
fffmfltniftil^  and  much  more  raptd — and  in  a  case  like  this  rapidity  is 
tW  tnw  aoan4>niy — to  use  ^ach  a  number  of  cutters  as  will  cut  tho 
whole  hm  of  the  heading  to  pieces,  making  it,  as  it  were,  into  small 
IkignMDti^  or  ahanngs*  A  case  coutaioing  these  shavings  is  before 
jm,  Thm  aiiwilage  of  thus  dealing  with  tlic  material  you  will  perceive 
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h  ihiB — that  the  cuttings  being  cioiitiniiooaly  produced,  can  b©  readily 
carried  awny  by  a  simple  apparatus^  a  trftvcUing  cbain  of  ecoopa  (for 
which  room  can  be  found  between  the  ttiacbino  and  the  aides  of  the 
eicavatioo)^  and  can  bo  poured,  a^i  produced,  into  waggons  waiting 
to  convey  them  away.  In  this  manner  the  operation  imd  tbo  pro- 
gression of  the  machine  mny  bo  continuous — with  one  qnalification 
however  — tbo  machine  stands  upon  a  bed,  along  which  bed  it  is 
capablo  of  forward  motion  proportioned  to  the  progress  made  at  each 
T6Tolntion ;  but  of  coureo  the  time  comes  when  after  the  machine  bag 
gone  forward  to  the  osteat  liiuitod  by  the  bed,  the  end  of  its  travel 
is,  for  the  time,  reached,  and  then  it  ia  necesfiary  to  stop  the  machine, 
and  uphold  it,  while  the  bed  is  moved  forward  undemoath  to  give  it 
a  fresh  point  of  support  for  a  renewed  start  upon  its  joumeyt  With 
this  exception  however,  tbo  advance  is,  as  I  have  said,  continuous. 

Now  although  by  the  em[doymeiit  of  njachincry  we  can,  by  suit- 
able appliances,  make  an  oxeavation  of  almost  any  £guro  that  may  bo 
needed,  there  is  no  doubt  that  the  plain  circle  form  is  the  one  which 
of  all  others  can  bo  tho  most  readily  carried  out,  as  for  Buch  a  shape 
nothing  more  is  required  than  a  rovolving  arm,  or  arms,  carrying  the 
cutters  upon  the  face,  making  thereby  au  abeoliitely  cylindrical  hole 
of  tho  size  of  the  diameter  of  the  arm.  One  of  the  working  cutters 
for  tho  7-foot  bole,  which  is  the  size  of  tho  trial  heading,  is  now 
before  yon. 

I  may  mention,  to  show  the  way  in  which  the  excavation  in  this 
material  retains  its  figure  without  alteration,  that  the  part  first  ent  out 
of  the  trial  heading  many  months  ago,  is  now  as  truly  cylindrical, 
and  is  as  accurately  of  tho  same  dimcuBions,  as  it  was  the  very  day  it 
was  made  i  no  change  of  shape  has  taken  place  ^  in  fact,  the  polish 
left  by  tho  cutter  remains  uix>n  the  circtimference* 

I  ain  awiir©  that  some  comments  Lave  been  made  as  to  the 
difficulty  of  getting  rid  of  tho  quantity  of  stnflf  as  fast  as  it  ia  cut, 
espcciafly,  it  is  eaid,  if  it  be  borne  in  mind  that  at  the  same  time 
materials  may  have  to  be  taken  into  the  tunnel,  for  tho  purpose  of 
lining  it,  and  it  is  suggested  that  this,  if  a  difficulty  at  "Uie  outset,  and 
near  tho  ends  of  tho  tunnel,  will  be  an  increasing  difficulty  as  tbo 
tunnel  progreBSOB,  and  the  distance  to  the  working  face  therefore 
increaaes. 

I  will  deal  at  once  with  this  last  state  of  things^  Supposing  that 
trains  of  waggons  may  work  within  any  stipulated  distance  the  on© 
from  the  other,  say  for  iustftnco  a  quarter  of  a  mile,  it  is  obvious 
that  after  tho  tunnel  has  attained  a  length  of  a  quarter  of  a  milo,  you 
may  then  establish  a  second  train,  to  be  running  on  tbo  rails  at  the 
fiame  time  as  the  first  one^  and  when  the  tunnel  has  advanced  half  a 
mile  yon  may  ostablisb  a  tbirtl  train,  and  so  on  ;  that  is  to  say,  aa  you 
attain  each  successive  distance,  such  as  you  have  determined  ^hall  be 
that  which  ought  to  bo  preserved  between  the  trains,  you  may  then 
provide  another  train. 

Those  who  raise  this  difficulty  do  not  ap^^r  to  see  tbut  it  docs 


mi  follaw  bocanBc  it  is  ten  miles  from  the  eliore  to  the  nuddle 
of  the  timzijel,  that  therefore  the  numher  of  trains  at  work  at  the 
Mane  time  on  that  ten  miles  taking  mate  rials  outwards  should  be 
Iboited  lo  one.  And  jei  no  om  suggests  that  up<m  the  Metropolitan 
ind  DistHd  Bailwajs,  for  example,  there  shall  only  be  one  train  on 
Ibt  Mne  ftll  the  w&y  between  Aldersgate  Street  and  the  Mansion 
Hdiise.  As  a  fact,  there  are  at  one  and  the  same  time  fifteen  or 
tivetity  txains  ttpou  that  distaoce.  Similarlj  there  could  be  any 
geaggpable  number  of  trains  apnn  the  line  in  tbo  tunnel  as  its  leng^ 

Let  us  see,  howeyer,  what  this  qneatioti  of  the  material  to  he 
miDTed  amounts  to*  Assumo  that  the  tunnel  for  oiio  |M?rniatieiit 
lis^e  is  to  he  14  feat  in  diameter  intemallj  when  finished,  and  assume 
IhiLt  it  mil  be  lined  with  matoriftl,  about  which  1  shall  speak  proseDtly, 
1  foot  6  inches  in  thickness,  thut  would  make  a  17  feet  (5^  yards) 
diameter  excayatioO}  equal  to,  not  finite,  25  sttperficial  yards.  Aesuiuo 
Ifafi  mM^hine  to  be  making  a  progress  of  2  yards  in  an  hour,  that 
wotM  unount  to  50  cubic  yards,  or  not  more  than  a  eu^Bcient  load 
§x  one  train,  and  this  would  be  a  rate  of  progress  that  would  adTance 
■  islls  in  the  working  days  of  six  weeks,  su  that  about  fifteen  months 
would  finish  the  ten  miles. 

It  may  be  said  that  this  is  taking  too  sanguine  a  view  of  the 
Mpiotd  al  wbieh  the  work  would  go  on  i  but  if  this  be  so  no  one  can 
i^gge^t  that  Uie  supposed  difficulty  of  remoring  the  excavated  material 
k  being  shirked  by  an  under-estimate ;  but  even  as  thus  stated,  it 
ttooda  only  one  train  an  hour.  Well,  it  may  bo  sairl^  one  train  sji 
bosr  10  msj  enough  on  an  ordinary  railway  with  locomotives,  but 
hmr  w  this  one  train  an  hour  to  be  got  along  underground  in  a  close- 
aidedl  timnel,  where  you  won't  dare  to  uso  im  ordinary  locomotive  ? 


slightest  difficulty,  compressed  air  locorautivcs,  which  are  alreafly  in 
Bi9  Id  trarks  of  this  character,  and,  as  I  shall  have  occasion  to  tell  you 
vhm  I  consider  the  permanent  working  of  tho  tunnel,  have  been  in 
lagtlieiied  use  elsewhere,  would  be  employed  for  these  trains. 

I  ihiiik  jou  must  agree  with  me  that  there  is  no  practical  difiieulty 
•kfttl  tb«  transport  of  the  material  along  the  tunnel;  btit,  then, 
i|ni«tiiin  may  be  put,  how  is  it  to  bo  got  to  the  surface  in  sufficient 

T»0  modes  are  available  here.  One  is  that  the  land  tunnel  (the 
m^&am^  sbonld  bo  c«:irapletcd  0rf>t,  and  that  the  material  shtmlt]  be 
pi  wf  tl»c  incline  by  a  locomr'tivc.  But  as  this  waiting  for  the  com- 
fblioii  of  the  land  tunnel  would  involve  an  unnecessary  delay ^  and  as 
It  dmly  would  be  better  that  the  works  of  the  land  tunnel  and  cjf 
ibt  nii  under  the  sea  should  go  on  sim u t tan et nisi y,  the  oiaterial 


ikftt  amtmniB  to,  Tou  have  50  oiibtc  yards  in  an  hour  for  each 
iHoitl,  llul  is,  100  cnbic  yards  In  an  hutir  for  the  two;  enll  the 
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Wfjigbt  of  tliis  150  tons.  The  heigbt  throQgh  which  this  will  have 
to  be  lifted  is  somo  60  yards,  a  distaxico  so  eligbt  that  there  ia  bo 
reason  on  the  score  of  eipCBse  why  there  should  not  be  two  or  three 
independent  shafts,  or,  better  still,  one  large  shaft  with  two  or  three 
separata  lifts  in  it,  so  that  enoh  lift  would  bring  up  aboat  50  tons 
an  hour,  or  500  tons  in  the  10  hours*  Thero  are  coal-pits  where  as 
much  as  770  tons  in  the  ten  hours  are  raised,  not  from  a  depth  of 
60  yards,  but  from  a  depth  of  600  yards,  or  ten  times  GO  yards.  This 
gnggasted  difficulty,  thorefore,  it  will  he  s^n^  has  no  foundation. 

But  although,  I  trust,  I  have  made  it  abundautly  clear  that  there 
ia  no  practical  difficulty  whatever  in  getting  the  ©icavatcd  tnateriakj 
by  the  use  of  ordinary  waggons  drftwu  by  compreBsod  air  engines, 
to  the  base  of  the  shaft,  nor  in  raising  by  winding  engines,  there 
is  another  mode  of  getting  rid  of  that  material,  and  another  system 
of  working,  which  has  been  suggested  by  Mr.  Crampton,  a  mode 
that  well  deserves  consideration.  His  proposition  is  to  employ 
hydraulic  power  (water  under  pressure)  as  the  motive  agent,  to 
drive  either  the  special  cutting  machine  which  he  suggests,  or  any 
other  cutting  machine,  at  the  face  of  the  heading  or  tuancl,  and  aleo 
to  dri^e  the  pumps  necessary  to  send  this  water  back  along  the 
tunnel  to  a  sump  at  the  foot  of  the  shaft,  from  which  it  can  be 
pumped  up,  or  to  send  it  by  one  pumping  direct  to  the  surface.  He 
shows  that  the  water,  after  having  worked  the  engines  requisite  to 
drive  the  cutting  machine  and  the  pumps,  would,  in  any  given  time, 
be  ia  bulk  equal  to  from  five  to  six  times  that  of  the  chalk  which 
would  be  cut  in  that  time.  He  proposes  that  the  fine  shavings  of 
chalk,  as  they  are  cut,  should  be  delivered  into  a  miiing  machLiie 
(of  a  description  similar  to  that  which  ho  baa  employed  for  very  many 
years  for  brick-making  purposes),  where  the  waste  water  from  the 
engines  would  be  united  with  the  shaYiugs  of  chalk,  resulting  in  the 
production  of  a  cream  containing  one  part  of  chalk  to  sii  parts  of 
water  in  volume  ;  the  ordinary  crmm  of  a  brick<£eld  being  one 
volume  of  chalk  and  one  volume  of  water.  He  then  shows^  that  by 
this  process  the  whole  of  the  material  might  be  continuously  delivered 
through  pipes  to  the  surfoce,  without  needing  any  train  accommodation 
«t  all,  or  any  winding  apparatus.  This  would  leave  the  rails  in  the 
tunnel  perfectly  free  for  the  trains  bringing  the  material  for  the  lining 
of  the  tunnel.  I  stated  at  the  British  Association  meeting  at  York 
last  year  that  at  the  pressure  ordinarily  used  by  Sir  William  Arm- 
strong, viz*  700  lbs.  on  the  square  inch,  300  horse -power  can  be  con- 
veyed  through  a  10-inch  pipe,  with  a  loss  in  friction  of  only  2  per 
cent,  for  each  mile  in  length,  so  that  in  mid-channel  there  would  be 
no  gr«^ter  loss  than  20  per  cent.  This  plan,  having  regard  to  the 
extreme  simplicity  of  the  mode  which  it  aSbrda  of  getting  rid  of 
the  excavated  material^  is,  I  think,  well  worthy  of  consideration, 
hut  it  must  bo  borne  in  mind  that  air  pipes  would  still  havo  ta 
be  laid  dosvn,  and  blowing  machinery  (although  not  compressing 
machinery)  would  have  to  be  erected  for  the  purpose  of  veutilationf 
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viule  wheu  oompreaSfMl  air  ib  used  as  tho  motive  power,  tbe  retittlation 
ii  iAbded  hj  tii^  "w&j  spent,  or  cxliaiigt,  air  from  the  machiiie  iifiolf. 
Next,  as  legaids  tbe  lining  of  the  tunnel.  It  mii8t  be  remem- 
in  esDHYftling  throtigh  oftlinary  soil  needing  lining,  heavy 
iBibefmg  hm  ta  be  pat  ttp  as  the  work  goea  forward,  and  then  the 
Inmiig  Las  to  be  exc^cnted  ^  Ith  the  greaieet  care,  following  up  the  work 
m  cloaelj  as  possible,  to  enable  the  timber  to  be  remoTed.  In  the  case 
nf  the  Cbsnnel  tunnel,  nrnde  of  »  truly  cylmdrical  form  through  guch 
i  auteriAl  &s  the  grey  chalk,  which  nphold^  itKelf  so  well  that  it  is 
dcMibtfiil  whether  there  need  he  any  lining  at  all,  oo  timbering  will 
be  required,  ftud  there  will  be  no  nrgi^ncy  in  putting  the  lining  in. 
MiareoTer,  tbe  excavation  being  of  absolutely  uniform  dimensions, 
Mid  of  regi^v  shapo  all  round,  it  will  be  the  simplest  thing  imagin- 
Md  io  malce  on  the  surfiu^e  concrete  bloeks  of  juet  such  size  as  to  be 
tamkf  lilted  by  Bomll  bydraulio,  or  compressed  air,  cranes,  and  of  the 
fonn  oi  tbe  17  feet  currature  outside  and  the  14  feet  ourvuture 
and  without  any  scaQolding  or  permanent  centering  of  any 
witb  DO  more  than  the  appropriate  elevating  apparatuB,  this 
_  would  be  laid  iu  the  excavation,  beginning  at  the  bottom  and 
wifcing  npwiirds  at  the  two  sides,  and  then  over  the  crown,  where 
it  would  be  supported  hj  travelling  centering  mounted  upon  wheels, 
■id  tmmd  forward  as  the  work  progresses. 

Let  me  ask  you  to  compare  in  your  own  minds  the  condition  of 
regwls  eado  of  excavation,  economy,  and  ventilation  which 
obtain  ia  a  tuimol  thus  constrneted  with  that  which  obtains  in  a 
as  the  St,  Gothard,  or  the  Mont  Cenis,  carried  through  hnrd 
In  itie  tunnel  through  the  chalk,  in  lieu  of  men  crowded  close 
at  the  working  face  lending  upon  machines  to  drill  holes  to 
arlridges,  we  have  a  machine  needing  the  presence  of  certainly 
than  three  mcu  at  tha  outside ;  in  lieu  of  the  delate  occa- 
by  tbe  withdrawing  of  the  machinery  to  admit  of  the  holes 
~  with  dynamite,  and  the  neitd  of  the  retreat  of  the  men 
t^aaaiip&ra  while  the  dynamite  is  exploded,  and  the  interference 
lift  ibe  ventilation  cAused  by  this  explosion  (ooupled  with  the 
whm  the  explosion  has  taken  place  that  the  shots  will 
sati«factorj),  and  the  further  delay  caused  by  getting  out 
tnateriAl  to  put  it  into  waggons  and  carry  it  away ;  we 
lm«aB^iiOiiii  action  of  the  maehine,  we  have  no  hluBting  and  there- 
iaa  DO  bttd  ctmospbere  produced  by  it,  and  no  uncertainty  as  to  the 
iftel  di  ihB  blaats,  neither  hare  we  any  delay  in  the  wi»rk  while  the 
hIsmI  is  being  removed  and  put  into  the  waggons.  Moreover,  we 
m  irmn  all  the  dangem  attendant  upon  the  use  of  explosives. 
Thtm  again,  considar  our  condition  ai  compared  with  ii  tunnel 
ardiiuiry  ntoii'^rooky  material :  we  have  not  the  expense  of 
pvriZbg  the  timber  supports,  neither  do  we  r<'H|uiro  fv  uumbLir  of 
mm  al  votic  to  put  them  up^  thus  little  veiitihaion  will  be  needed 
will  be  but  few  men  present  to  vitiate  the  air,  and  m 
air  locomotives  to  muvo  tMir  trains  i>f  niatcrials 
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there  will  be  no  hor&ea  j  and  again,  when  wo  oome  to  another  source 
of  vitiation,  via,  that  orieing  from  tho  lamps  and  candlee  ordinarily 
need  in  such  work,  we  discard  such  means  of  illumination  and  by  the 
electric  light  and  tho  incandoecont  lamp  got  rid  of  all  that  dif&culty. 
The  preliminftry  7 -foot  heading  ie  now  perfectly  lighted,  without 
any  vitiation  of  air  whatever,  by  means  of  this  electric  light. 

Of  course  it  is  obvious,  that  both  during  the  carrying  out  the 
works  of  tho  tuimol,  aod  in  the  pormanont  tunnel  itself,  suitable 
eulargements  can  bo  made  at  intervals  to  enable  sidiugs  to  he  laid 
in,  depdts  to  be  proirided,  and  places  for  the  pUte-layers  and  others 
to  take  refuge  in,  and  I  should  have  said  that  the  approach  &om  the 
tunnel  to  the  land  is  to  bo  made  by  ano^er  tunnel  having  the 
perfectly  workable  gradient  of  1  in  50, 

I  am  aware  it  may  be  objccteii,  that  even  assunjing  tho  goologiBta 
are  right  in  their  suggestion — that  tho  chalk  marl,  or  grey  chalk,  dots® 
ex:tend  from  Franco  to  Engl  and,  and  that  if  oxcavation  can  Ive 
pursued  throughout  in  tlie  "oraie  de  Eouen"  tho  case  as  to  the 
faoility^  of  execution  would  be  established — there  is  nothing  to  show 
that  this  chalk  may  not  he  fissured  in  places,  and  that,  as  the  excava- 
tion is  carried  forward,  it  may  not  oome  upon  one  of  these  fissures, 
and  so  water  may  flow  in. 

To  my  mind  there  is  the  most  satisfactory  answer  to  be  given 
to  such  an  objection  as  this.  'J 'he  grey  chalk  we  find  is  practically 
watertight,  the  fresh  water  which  is  in  tho  chalk  being  in  the  wbito 
chalk  above  the  grey ;  this  water  finds  its  way  into  the  sea,  m  w©  knoWi- 
at  the  level  of  the  beach.  Moreover  there  are  fisstires  undottbtedly 
in  the  white  chalk,  und  it  is  extremely  probable  that  through  some  of 
such  fissures  the  fresh  water  is  flowing  upwards  into  tho  sea,  the  fresh 
water  having  come  from  a  greater  height  than  the  sea-level,  and 
having  therefore  a  preponderating  force,  or  head,  which  would  enable 
it  to  now  out  against  the  pressure  of  the  sea,  and  in  that  way 
such  fissures  in  the  white  chalk  would  be  kept  open  notwithstanding 
they  might  be  at  the  bottom  of  the  scaj  and  iu  that  way  also,  if 
in  tho  white  chalk  a  well  were  sunk  close  to  the  sea  and  powerful 
pumps  were  put  down,  drawing  more  than  was  supplied  to  them 
by  the  fresh  water  coming  &om  inland,  these  pumps  would,  in  all 
probability,  very  soon  begm  to  draw  in  salt  water,  which  would  coma 
Ltt  the  reverse  direction  to  the  fresh  watej,  and  therefore  fi-om  the 
sea  through  the  fissure  which  had  been  kept  open  by  the  previously 
outgoing  fresh  water.  But,  as  I  have  said,  the  grey  chalk  is  practically 
watertight,  and  the  proof  of  it  is  not  only  that  which  is  seen  in  the 
trial  heading,  but  farther  in  the  fact  that  it  upholds  the  water  iu  the 
white  chalk,  and  that  that  water  goes  out  into  the  eca  above  the 
grey  chalk.  It  is  well  known  it  is  idle  to  sink  a  well  into  the  grey 
(yhalk  with  the  object  of  obtaining  water.  This  being  so,  assumo 
that  in  bygone  times,  by  some  agency,  I  do  not  know  what,  a  fissuro 
had  been  made  in  tho  grey  chalk  where  it  is  exposed  in  the  bed  of 
the  sea,  what  would  happen  to  that  fissure  ?  no  frc^  water  could  Bow 


mrt  hf  it^  for  hy  tlie  LypoUiesiB,  the  grey  chalk  beiog  imi>eniieabl6, 
ther^  IB  no  fresh  water  in  it  to  flow  outwanlB,  and  U'j  ealt  water  could 
ecmtmae  to  flow  through  it  inwards,  for  there  ia  nowhere  for  it  to 
go  io.  There  must  be  therefore  an  entirelj  stagnant  condition  within 
thk  fissure*  It  is  not  suggested  that  the  water  of  the  English  Channel 
h  free  from  Bedbneutary  matter*  Granted  this  state  of  things,  it 
ippevB  to  nie  to  be  ineyitablc  that  in  process  of  time  such  a  fissure, 
Ittviiig  in  it  stagnant  water,  must  baye  been  filled  up  with  the  de- 
positeblo  matter  that  ie  in  the  sea,  and  must  thereby  havo  become 
elMed  and  paddled  up.  I  therefore  look  upon  it  as  practically  im- 
poanble  that  there  can  be  any  open  fissure,  which  would  let  down  the 
mm  water  through  the  grey  chalk.  Even,  however,  assuming  there 
«m  an  open  fissare,  one  thing  is  qmte  certain,  no  destrnctiou  of  life 
tatsmg  tboee  engaged  in  the  work  of  the  heading  need  ever  take  place 
from  such  a  cause^  because  it  is  perfectly  practicable  to  keep  a  trial- 
hole  of  about  two  inches  in  diameter  10,  15,  or  20  feet  ahead  of  the 
tirincipal  eicaTation,  the  tool  for  this  hole  passing  up  through  the 
Loilow  shaft  of  the  machine  and  being  worked  by  it.  The  tool  itself 
WQuSA  also  be  hollow,  and  if  auy  water  were  met  with  it  would  show 
itealf  bj  ieening  through  the  small  hole  in  the  centre  of  the  tool,  and 
llflfl  ftmple  warning  would  bo  given.  Further,  sncli  a  tool  would  enable 
flic  width  of  the  flpsure  to  be  af^certained ;  and  I,  for  one,  belioye  it 
Id  be  withm  the  power  of  the  engineers  of  the  present  day,  with  the 
aetiic  a&d  appliances  they  have  at  hand,  tu  bridge  a  Beaure  eyen 
ttder  A  preasttre  of  some  150  \ha.  to  the  incL,  if  the  fiasuro  were 
aol  muaj  feet  in  width ;  and  if  it  were,  then  there  is  a  mode  other 
dtta  loidging^  by  which  such  a  fissure  could  be  traTersed. 

I  hmwe  shown  you  how  it  is^  that  the  occurrence  of  a  Assure  need 
■ot  Iced  to  disaster  by  an  unexpected  giving  way  of  the  heading,  and 
fkft  mtttc  of  lh&  sea  water.  This  of  courae  refers  to  tlio  question  of 
1^0  «xp«EmDental  heading,  for  when  the  exporiniuutal  heading  is  once 
ilmigtif  then  we  may  be  said  to  knon'  all  about  the  nature  of  the 
a  limn,  and  all  uncertainty ,  and  all  danger  of  surprise  are  at  an 
ad.  Ferbape  you  may  think  it  weU,  that  instead  of  the  mere  boi  e 
iiiUinniil  thai  if  a  fissure  did  occur  it  could  be  dtalt  with,  I  should 
^19  faa  oomc  detail  upon  the  subject.  I  will  now  do  so,  and  I  will 
4al  vilh  it  in  connection  with  the  7 -foot  diameter  trial  heading. 

A  fianu^  must  either  bo  wide  or  narrow.  If  it  bo  wide  it  occurs 
•  %  wile  opeming  at  the  bottom  of  the  sea  (a  thing  that  I  believe 
tiaU  Aol  «si0t  without  having  been  detected  by  soundings).  Under 
mA  aooditions  it  would  be  perfectly  practicsablo  to  lower  material 
mt»  it  al  the  place  where  the  beading  is  to  be  made— for  example, 
Ml  FofllAiid  ooment^and  thus  to  chjee  the  fissure,  making  an 
foek  to  be  cut  through,  but  I  presume  no  one  helioves 
ogr  tlkch  fisenre  m  litis  exists.  As  you  are  aware,  I  do  not 
u)j  unclosed  fissure  at  all  exists.  But  I  will  come 
tarn  Hie  ease  of  a  narrow  Bssure,  one  that  we  could  not  localise 
4  Cbe  boliaiD  of  the  sea  aufficiently  to  deal  with  it  in  the  way  of 
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filling  it  up  whero  the  trinl  heading  ts  ta  pasB  through,  say  s  fiesitre 
4  or  5  foGt  wide,  and  I  will  take  it  that  wo  are  so  far  below  tho  suf- 
faco  of  the  that  the  pressure  amouikfee  to  150  lbs.  per  square  inch^ 
or  a  little  under  10  tons  to  the  sq^uafe  foot.  The  7-foot  hoading 
contains  38  suporficial  feet  area»  eo  that  tte  pressure  of  the  water 
endwajB  against  it  ^vould  be  ahoiit  380  tons,  A  single  hydranlio 
press  has  been  made  to  give  1000  tons  pressure ;  380  tons  therefore 
ia  an  evsry-day  load  for  a  single  hydraulio  press*  One  20-inch  ram 
would  deal  with  il  at  only  a  ton  to  the  circular  inch. 

I  will  now  ask  yon  to  look  at  the  diagram  showing  the  apparatus 
by  which  such  a  fissure  could  be  passed.  You  will  see,  fiied  into  the 
walls  of  the  eiCBTation,  a  ring  containing  a  stuffing-boi,  or  it  may  lie 
a  cop-leather  such  as  that  need  for  an  hydraulic  press  ;  through  this 
Btuffing-box  would  slide,  water-tight,  a  horizontal  iron  vessel,  or 
tube,  of  nearly  the  full  diameter  of  the  boro  of  the  trial  heading 
of  50,  70,  or  100  feet  long,  as  might  be  needed »  and  proTided 
with  cutting  tools  in  front  sc^t  to  the  full  diameter  of  that  boro. 
This  Tesfiel  or  tube  would  bo  opcn-endod  towartU  the  fissarOj  but 
would  be  cloee-ended  towards  the  trial  heading.  It  would  be  made 
capable  of  slow  revolution,  and  capable  of  being  pushed  forward 
by  hydraulic  presses  having  a  large  margin  of  power.  Water  would 
then  he  forced  in  by  a  pipe  led  from  the  stuffing-box  to  the  space 
hot  ween  the  outside  of  the  vessel  and  the  inside  of  the  beading,  and 
this  water  would  be  pumped  at  a  pressure  somewhat  greater  than 
that  pniduced  by  the  sea,  say  if  the  sea  give  150  lbs.,  then  this  water 
should  bo,  pumped  in  at  1 60  lbs.  The  result  of  this  arrangement 
would  be  that  before  the  fissure  was  reached,  and  before  the  sea 
pressure  came  upon  the  tube,  the  porta  would  bo  subjected  to  a 
pressure  greater  than  that  of  the  sea,  and  therefore  all  the  working 
partSt  instead  of  being  exposed  to  any  shock  when  the  sea  pressure 
came  on,  would  absolutely  bo  thereby  relieved  to  a  alight  extent 
The  vessel  would  bo  slowly  revolved,  and  by  its  cutting  totda  would 
cut  its  way  forward,  the  material  being  washed  into  the  interior  of 
the  vessel  by  the  water  pumped  into  the  annular  space  on  its  outside ; 
and  until  communication  with  the  fissure  was  mode,  the  material  would 
be  allowed  to  flow  out  in  a  regulated  manner  just  enough  to  preserve 
a  cnrront.  It  will  bo  seen  that  this  is  nothing  more  than  a  horizontal 
boring  crown,  such  as  is  oommonly  used  by  the  Diamond  Boring 
Company,  with  a  current  of  water  at  the  working-face  for  continuously 
washing  away  the  debris.  Under  these  circumstances  the  operation 
would  go  on  until  the  vessel  had  advanced,  not  only  to  the  fisBure, 
but  through  the  fissure  and  to  the  opposite  side,  and  had  cut  into  tluit 
opposite  side  a  sufficient  distance 

It  may  be  said  that  when  all  this  was  accomph'shcd  there  would 
etHl  be  left  a  leakage  space  round  abeut  the  end  of  the  vessel  as  it  lay 
in  the  cavity  itself  hod  made  on  the  opposite  side  of  the  fissure,  thia 
Bpace  beiug  equal  to  the  projection  of  the  cutters  from  the  vessel,  but  I 
will  show  you  this  could  bo  closed  in  the  readiest  manner  poesible. 
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In  the  thicikiiQet  of  the  metal  of  tbe  voesol  thero  would  h&  floveral 
gpoorrom,  ew^  oontaining  bq  elastic  tube ;  duriog  tbe  x^oseage  of  the 
I II ■Hill  &imm  would  be  empty^  and  would  lie  bolow  tbe  line  of  ite  outer 
<in^uittfa«M»,  sbown  on  the  detailed  figarOf  bnt  each  tube  would  have 
^Mptsate  plpo  le&ding  thfongh  the  thif^kness  of  the  metal  of  the  Teasel. 
Wmi  the  iiWiire  was  passed^  water  would  bo  pumped  along  those  pipea, 
iwdlmg  out  tbe  tubes,  so  to  proes  hard  against  the  Burface  of 
Una  exoaTatiou.  In  thid  way  a  perfect  joint  would  be  ensured,  and 
thia  being  obtained »  the  water  would  be  let  out  from  the  inside 
cf  th^  vessel,  it  would  be  ascertained  that  all  was  tight,  the  man- 
luto  dom  would  then  be  removed,  the  block  of  chalk  that  was 
in  the  TCflsel  would  be  cut  to  pieces  and  carried  out,  and  tha 
renlt  wonld  bo  that  the  fissure  would  be  bridged  by  an  iron 
cylindrical  vessel  water-tight  in  the  chalk  at  both  ends.  Then  tbe 
tti  ihe  ve^l  wonld  be  taken  away,  and  the  trial  heading  would 
be  complete  across  the  fiesnre^  I  nood  hardly  eay  tbfit  before  these 
appliaooee  were  put  to  work  in  the  heading  there  wionld  bo  a  thorough 
Rheuwl  in  some  chalk  cliff,  or  other  suitable  place,  on  the  snrfaoe, 
froviraon  being  mode  to  give  the  full  water-presgure. 

If  it  be  ol>jeeted  that  this,  althodigh  a  feasible  operation  with  ft 
Moot  diameter  hole,  would  not  be  a  feasible  one  with  14  feet  diameter, 
the  answer  to  it  is  that  there  is  no  increase  in  difficnlty  whatever ; 
the  area  becomes  four  times  as  great,  or,  allowing  the  extra  diameter 
Mded  for  thd  linings  not  quite  six  times  as  great,  and  the  pressure  to 
bt  MMtod,  instead  of  being  about  400  tons,  becomes  2100  tons ;  but 
mdi  m  pressure  as  this  is,  as  I  have  Baid,  perfectly  under  control. 

Ajmming,  however,  the  grey  chalk  to  be  continuous  from  aide  to 
nda,  I  believe  I  have  been  most  unnecessarily  occupying  your  time 
bj  fhe  details  of  an  apparatus  which  will  never  be  needed  ;  for  1  must 
ba  allowed  to  repeat  oneo  more  that  I  cannot  conceive  an  open  fissure 
fffiltrng  in  a  material  whefe  there  can  have  b«en  no  flow  of  watef, 
oflMT  oBl,  or  in^  through  the  fissure,  to  keep  it  open. 

I  eoold  say  much  more  upon  the  oonstruction  of  the  tunnel  did 
admit  of  it ;  bat  I  must  close  this  fiist  branch  of  my  subject 
tov,  and  most  ask  you  to  consider  with  me  the  second  branch — The 
Workimg  of  a  Ohanm*!  Tunnel. 

Whatever  may  be  the  future  of  the  ordinary  locomotive,  whether 
H  ba  daatiged  to  be  improved  and  to  continue,  or  whether  it  be  destined 
la  ba  aspcneded  by  electricity,  or  by  some  new  motor  utilising  the 
aloBed  op  in  the  fuel  directly  and  without  the  intervention  of 
miir  no  one  can  doubt  that  those  who  at  the  present  time  are  re- 
iptM^hla  fiar  the  working  of  railways  would  prefer  to  retain  for  use 
11  the  Obaimel  tnnnel  the  ordinary  well-knoT^'n  locomotive,  if  for  no 
fAm  rtMCii  than  this — that  the  existing  stock  of  the  railway  com- 
IMBM  411  the  two  aides  of  the  tunnel  would  giiffiee  for  the  haulage  of 
|l^tiaaB%  and  that  no  Bp€)cial  preparation  need  be  made.    But  in  the 
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workiDg  of  the  tuimel,  still  more  tban  in  the  making  of  it,  '^e  (jaestLon 
of  tke  purSty  of  the  atr  becomes  of  tbe  first  iniportauce.  In  tbo  makiag 
of  the  tunnel,  one  ia  dealing  with  ongioeerB  and  others  aoenstomod  to  a 
fiumewhat  hGkrd  life,  who,  if  thej  cannot  get  the  best  air  to  bresvthe,  are 
content  to  put  up  with  something  a  little  worse,  and  look  apon  it  as 
part  of  their  business ;  but  when  tbe  tunnel  IB  opened  and  has  to  he 
worked,  then  one  is  dealing  with  the  tra-YeUing  public — people  who 
write  letters  to  tho  Times,  and  whatever  else  may  happen,  tbe  air  the^r 
breathe,  wherever  they  are,  most  be  of  tbe  very  best  qunlityj  and  must 
be  ample  in  q^uantity,  and  therefore  it  is  that  in  the  working  of  tbe 
tunnel,  still  more  than  in  tho  making  of  it,  does  the  question  of  atmo- 
spheric purity  become  one  of  paramonut  importimce.  This  being  so, 
it  is  well  to  con  aider  what  modes  there  are  availahlu,  in  addition  to  the 
ordinary  locomotive,  for  moving  tlic  trains. 

Not  excluding  the  ordinarj^  locomotive  from  the  Kat,  wo  find  these 
modes  are  as  follows 

1.  Ordinary  Locomotives* 

2.  Fircleee  Locomotives. 

3.  Fireleas  LocomotiToa  as  improved  by  Dr,  Siemens, 
i.  Ropcsw 

5.  Electricity. 

6»  The  Pneumatic  System,  where  tho  head  of  the  train  is  made  ae 
a  loose-fitting  piston  in  the  tunnel,  and  the  air  being  drawn 
out  in  front,  the  train  is  propelled  by  the  pressore  of  the  air 
at  the  back, 

7.  Compressed  air. 

With  respect  to  No.  1,  the  ordinary  locomotive,  this,  as  you  kuow, 
is  the  mode  of  traction  adopted  in  the  Mont  Oenis,  and  in  the 
St.  Gothard  tunnels*  The  Channel  tunnel,  provided  with  two  ri>ade, 
one  for  the  trains  going  one  way,  and  the  other  for  the  trains  going 
in  the  reverse  direct  ion,  would  have  the  advantage  over  the  Mont 
CeniB  and  tho  St.  Gothard j  that  currents  uniformly  flowing  in  one 
and  the  same  direction  could  be  maintainod  in  each  roadway,  and 
calculations  have  been  mnde  by  Mr.  Low  showing  that  with  the  full 
allowance  for  the  quantity  of  coke  burnt  [jormile  it  would  be  possible 
to  effectually  ventQate  this  tunnol,  which  after  all  is  only  three 
times  as  long  as  the  Mont  Cenni  and  a  little  more  than  twice  aa 
lung  as  the  Bt.  Gothard,  and  it  is  possible,  that  having  regard  to  the 
eitreme  convtinience  of  using  in  the  tunnel  the  same  type  of  engine 
as  will  be  employed  on  either  side  of  it,  the  ordinary  locomotive  will 
be  adopted  >  I  have  been  through  the  Mont  Cents  tunnel  many  times 
and  have  never  felt  the  slightest  inconvenience. 

But  however  desirable  it  may  be  on  various  grounda  that  the 
ordinary  locomotive  should  be  used,  and  however  much  one  is  justified 
in  that  use  by  tbe  example  of  the  Mont  Cenis  and  the  St.  Gothard, 
where  (unlike  the  plan  proposed  for  the  Channel  tunnel)  thore  ia  only 
one  opening  for  the  trains  running  in  both  ditootions,  and  the  currents 
of  air  are  thereby  baffled,  it  appears  to  me  we  shall  do  well  to  consider 
the  other  modes  of  train  traction  that  I  have  enumoratod. 
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The  first  of  these  is  the  fireless  ItHJomotive ;  which^  as  yon  prcN 
}mhlj  are  aware,  is  drivea  by  the  stored- up  energy  in  the  very 
ki^T  heated  water,  under  tsoiifiiderable  pressure,  with  which  a 
Wmu  tepraentiiig  a  boiler  is  charged.  These  hxiomo tires  have 
used  to  a  slight  extent  npon  tramways,  but  none  yet  constrnctod 
ecntaio  an  adequate  store  of  energy  fur  tlio  passage  of  a  Channel 
tutincL 

As  improved  by  Dr.  Siemens,  howerer,  it  ie  not  by  any  means 
elear  tbat  they  QQxdd  not  suffice  for  that  pnrpoae — his  proposition 
boiiig,  th*t  in  addition  to  the  eocrgy  stored  up  in  the  heated  water, 
there  ehould  be  another  store  in  the  form  of  heated  fire-brick  disposed 
M  in  the  regenerator  for  om  of  his  furnacee,  and  that,  in  this  way, 
heat  should  be  commimicated  to  the  water  during  the  whole  passage 
of  the  train. 

I  am  by  no  means  prepared  to  say  that  an  engine  thus  fitted 
oould  not  successfully  make  the  passage  of  the  tunnel,  and  if  it  could, 
Ifce  «iily  way  in  which  it  would  affect  the  air  in  it  would  be,  that  the 
impe  steam  from  the  engine  would  issue  into  the  atmosphere  of 
the  tmmel,  ftnd  by  its  condensation  would  keep  that  air  moist.  It 
ii  true  this  objection  might  be  got  over  by  carrying  a  considerable 
wm^i  of  cold  water  In  the  train  to  condense  the  steam,  or  by  a 
nxruce  condenser  cooled  by  currents  ef  air. 

The  next  mode  of  mo  ring  the  trains  I  hare  suggested  is  that  of 
fopea.  These,  as  you  know,  wore  worked  on  the  Black  wall  Kail  way 
fiar  veiy  many  years  and  with  a  certain  amount  of  success,  but  if 
l^ere  were  separate  ropes  to  each  roaiiway,  as  there  were  to  the 
Bla^wall  Railway,  stopping  and  starting  for  each  train,  it  would  not 
be  poaabld  lo  have  more  than  one  train  in  each  roadway  at  a  time, 
mi  I  tamet  ibe  Chanel  tunnel  traffic  will  be  far  larger  thaa  would 
Ii  oomiflteDl  with  that  state  of  things.  And  if  on  the  other  hand  an 
mMam  rope  were  nsed,  np  the  one  roadway  and  down  the  other  (each 
fOptt  of  oonrBe  might  be  divided  into  sections  driven  from  engines  at 
wih  ecid),  then  although  any  number  of  trains  could  be  running  at  any 
tm  liM  in  each  roalwaj,  the  whole  traMc  of  the  tunnel  would  be 
iloflped  on  boUi  roads  if  one  of  these  r types  were  to  break.  I  am 
iBciinied,  therefore,  to  think  this  system,  althoiigb  free  from  sinning 
•piniii  ihe  parity  of  the  air,  should  not  be  accopted. 

I  now  oome  to  the  electric  mode  of  moving  trains*  Such  a  mode 
ii  imi  firom  any  objection  as  regards  vitiating  the  air.  It  neither 
MMDBea  it,  nor  does  it  gonerate  carbonic  acid,  or  carbonic  oicirle,  nor 
iom  it  deliver  steam.  Looking  at  the  advance  tbat  has  been  made  in 
fk§  t|iplieationB  of  eloctncity  to  industry,  and  among  these  npplica- 
tiota  lo  ibe  instaQoefi  wherein  electricity  has  boon  employed  for  the 
ftfulffmi  of  tranumrs  and  railway  trains,  he  would  be  a  bold  man 
«lrt>  fwtored  to  pre^lict  that  in  the  courae  of  the  next  two  or  three 
fcan  tlactrioity  may  not  be  thoroughly  well  established  as  a  pro- 
fellbtg  igml  for  trains. 

Tiirtttd^  iterc  is  this  Session  bofdro  Parliament  a  Bill,  which  haS| 
!  bdkn^  pMidd  the  House  of  Commons,  for  the  establiahment  of 
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oa  electric  railway  between  CboriQg  Cross  and  the  Waterloo  Station ; 
and  it  is  tlierefore  by  tio  means  improbable  that  by  the  (I  trast)  very 
few  years  wittm  which  the  Channel  tunnel  will  be  ready  for  the 
reoeption  and  working  of  its  trains,  alectiic  propulsion  may  have 
been  so  far  developed  m  to  render  its  employment  in  that  tminel 
judicious. 

The  next  eystem  I  adyerted  to  was  the  pneomatic,  that  wherein  » 
train  is  driven  along  by  a  very  slight  differential  air-preseure  exerted 
over  the  area  of  a  piston  loosely  fitting  the  tunnel.  This  mode  of  pro- 
pulsion is  one  that  ensures  the  most  amplo  ventilation,  in  fact  not 
merely  amplo  but  ovoo  nnueeessary,  that  it  is  to  say,  it  involves  the 
changing  of  the  whole  of  tbe  air  in  the  tunnel  at  the  passage  of  every 
tauin.  It  will  be  found,  however,  that  although  admirable  for 
working  the  traffic  of  a  subterranean  Metropolitan  line  with  stations 
at  frequent  intorvals  and  with  very  numerous  trains,  it  would  not  be 
a  very  economical  mode  of  working  trains  through  a  tunnol  20  miles 
long ;  the  skin  resistance  to  the  passage  of  the  air  even  at  moderate 
Telocities  being  so  great  as  to  involve  the  consumption  of  a  large 
amount  of  horse-power. 

The  last  of  the  modes  of  propulsion  that  I  enumerated,  is  tbal 
wherein  there  is  the  employment  of  compressed  air,  and,  setting 
aside  the  electrical  mode  which,  as  I  have  said,  may,  by  the  time  the 
tunnel  is  ready  for  traffic,  be  so  far  developed  as  to  be  the  most 
advantageous  of  aU^  compressed  air  is  the  one  that  commends  itself 
moat  to  my  mind*  This  system  of  propulsion  is  now  by  no  means  an 
csperiment,  Iq  carrying  it  out,  as  probably  you  are  aware,  there  are 
employed  in  the  train  reservoirs  of  air  compressed  to  any  desired 
extent  by  means  of  compressing  engines,  and  this  air,  on  being 
aOowed  to  escape  from  these  reservoirs  through  ongtnos  practically 
tif  tfad  nature  of  the  ordinary  steam  engines,  drives  them,  and  by 
them  draws  the  train. 

Several  modes  of  employing  compressed  air  have  been  propoeed 
and  have  been  put  to  work,  among  others  one  by  Colonel  Beaumont, 
but  the  mode  with  which  I  am  l>est  acquainted,  and  about  which  there- 
fore I  am  the  most  competent  to  speak  to  yon,  is  that  which  boa  been 
in  practical  work  every  day  for  now  nearly  three  years  at  Nantes*  la 
that  town  there  is  a  service  of  tramcars  starting  every  ten  minntea 
from  each  end  of  the  line,  which  is  3  J  miles  long,  and  traversing  the 
very  heart  of  the  town  and  the  busiest  |)art  of  it,  running  for  a 
considerable  distance  along  the  quay,  which  is  one  of  the  leading 
budness  thoroughfares. 

In  this  system  the  air  is  comprea^ed  to  only  30  atmospheres,  and 
ifl  allowed  to  escapo  by  iiJgcnious,  but  simple,  means  at  regulated 
pressures  to  drive  the  engine,  hut  prior  to  passing  into  the  engine  it 
is  heated  by  traversing  a  vessel  containing  hot  water  and  steam  under 
pressure,  which  are  charged  into  the  vessel  before  leaving  the  depot. 
The  bulk  of  the  cars  employed  contain  their  own  reservoirs  and  their 
own  engines,  but  on  holidays,  and  on  busy  days,  ears  in  the  nature  of 
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IoooniottT66  arc  xis&d^  drawing  a  train  behind  tliem,  and  Bnok  cars  as 
tlicee  make  the  outward  and  homeward  journey,  or  7j  mika  in  all, 
witboat  requiring  any  replenish laent  with  air.  l^o  doubt  the  reiorvoirg, 
to  ocmtaiT)  a  BuMcieut  store  of  air  to  propel  the  train  tkrotigh  the  wholo 
length  of  the  tunnel,  would  he  heavy,  hut  they  would  be  but  little,  if 
al  all,  heavier  than  the  weight  of  the  tender  with  itB  load  of  water 
and  ooala,  added  to  the  weight  of  the  boiler  with  its  charge  of  water, 
botb  of  which  are  needed  in  the  working  of  an  ordinary  loeomotiTe, 
ImI  wt  Qot  wanted  when  compressed  air  engines  are  used.  Bat 
f^ore  is,  howeTer^  no  occasion  whatoTor  to  carry  the  whole  charge  of 
■if  neaied  for  the  entire  journey  through  the  tunnel ;  there  will 
remain  in  the  completed  tunnel  the  alr-ptpe  that  was  laid  down  to 
drive  the  perforating  machinery.  This  air-pipe  can  bo  always  kept 
charged  with  air.  Valves  will  be  provided  at  frequent  in  term  Is,  and 
tiutt  it  will  be  perfectly  possible  to  rc-charge  the  reservoirs,  habituiUly 
•t  KB  intermediate  etition,  or  indeed  anywhere  (say  within  an  eighth 
of  %  mile)  on  the  line,  should  sneh  re-charging  from  any  accidental 
mvt&  ha  needed.  The  ^eat  ad?antage  of  compressed-air  propnleion, 
mSm  soch  eircnmstances  as  those  which  prevail  in  a  tunnel  20 
miles  Im&g,  m  that  every  train  which  goes  through,  instead  of  using 
and  Titiating  the  air,  is  in  its  very  progreeaion  the  cause  of  thorough 
aofl  efficient  ventilataoiu 

Aa  I  have  eaid^  working  by  oompressed  air  is  no  longer  an  experi- 
mnl*  It  is  a  mode  of  propulsion  thai  has  been  in  auooessful  daily 
wm  for  several  years  in  Franee  ;  and  I  truBt  Uiat  before  many  months 
are  orar  it  will  he  seen  in  equally  successful  daily  use  in  London,  and, 
tahjeet  to  the  development  of  electrical  propulsion,  and  subject  to  the 
great  temptation  to  use  the  ordinary  locomotive ^  it  appears  to  me, 
m  I  h»TO  said,  that  compressed  air  ie  that  one  of  all  the  modes  by 
vhleh  a  train  can  be  moved  which  commends  itself  to  one^s  judgment 
m  Uie  system  to  he  employed  for  the  working  of  a  Channel  tunnel. 

If  this  lecture  has  been  found  more  than  usually  tedious,  I  must 
mk  fOfH  to  attribute  it  to  the  fact  that  I  have  endeavoured  to 
4ml  with  the  subject  in  an  entirely  abstract  manner,  and  so 
M  to  avoid  contentious  questions  of  any  Mnd,  I  set  out  with 
tlul  firm  determination,  and  I  trust  I  have  not  swerved  from  it,  hut 
I  do  Dot  like  to  conclude  without  saying  a  word  on  tho  means 
by  which  the  advent  through  the  tunnel  of  undesirable  persons 
may  be  prevented,  and  I  will  illustrate  my  meaning  by  showing  how 
a  hitherto  unsuggeeted  source  of  danger  might  be  met^  and  as  thie 
mroe  has  as  yet  not  been  suggested,  it  is  clear  no  contention  can 
Wve  ariaeu  on  the  eubjoct^  and  I  cannot  therefore  bo  accuaed  of 
lUaling  with  contentiouH  matter.  This  danger  I  will  call  fmmgijUng  I 
Had  I  will  Bi&k  you  to  let  me  describe  a  plan  by  which  it  appears  to 
tmuggUng  of  any  kind  could  be  rendered  very  difficult,  and 
•  custom -house  officer  could  have  ample  time,  and  perfect 
r,  to  ejcamine  the  luggage  of  the  passengers,  or  to  (it  may  be) 
teto  Ibo  mcfisJU  of  l£e  paseengers  themselves. 
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Ko  dotibt  most  of  you  are  aware  of  the  way  in  wliich  points,  and 
a  witch-locks,  and  gates  at  level  crossings,  are  interlocked  with  tlio 
signal  apparatuB.  You  kno^  that  arrangt^menta  are  made  by  which  it 
is  impoBsiblc,  for  eiample,  that  a  signal  oan  be  given  to  invite  a  traia 
to  approach  until  the  gate  of  a  level  oroasing,  which  should  be  closed 
againet  the  common  road,  is  closed ;  and  convorsely,  when  that  gate 
is  closed  to  tho  common  road  and  id  open  to  the  railway,  the  same 
arrftngemeuts  prove ct  the  moving  of  the  gate  during  the  time  there 
is  e3thibited  a  signal  inriting  the  train  to  approach — in  the  first  caso 
tho  signal  must  remain  at  danger,  in  the  second  case  the  gate  must 
remain  closed  to  the  common  road.  I  presume  moet  of  you  are  aware» 
aa  X  have  said,  that  such  an  arrangement  as  this  exists.  I  propose  to 
apply  it  for  tho  stopping  of  my  smuijfjlerB^  and  to  do  so  by  the  follow- 
ing means. 

Let  me  ask  you  to  imagine  that  there  is  to  be  at  tho  outlat  of  the 
tunnel,  on  tho  surfaco,  a  building  of  great  strength^  to  prevent  the 
possibility  of  hardy  smugglers  escaping  irom  it,  and  vvith  station  accom- 
modation of  such  length  as  to  contain  the  longest  train  over  known. 
In  this  building  the  custom  house  should  bo  situated.  At  the  outer 
end  there  would  be  a  strong  iron  grating,  i^o  that  while  that  wa^  closed 
no  smuggler  couhl  jump  out  of  tho  train  and  run  out  into  the  open 
country,  and  at  the  hinder  end  of  it,  towards  tho  tunnel,  there  would 
bo  a  stmilai-  strong  iron  grating,  which  would  prevent  any  smuggler 
jumping  out  of  the  train  and  endeavour ing  to  run  back  through  the 
tunnel  to  France,  These  strong  iron  gratings  would  bo  connected  by 
the  interlocking  raachinory,  which  would  bo  concealed  deep  down  in 
the  reck,  and  would  bo  of  such  a  character  that  although  both  gratings 
might  bo  shut  at  one  time,  by  no  possibility  could  one  grating  be 
opened  uutil  t!i6  other  one  was  fully  closed,  and  this  machinery  would 
be  worked,  not  from  within  the  station  at  all,  but  from  a  place  eitorior 
to  it,  the  person  working  it  Iiaving  a  view  through  the  grating  of  what 
waa  goiug  on.  The  result  of  such  an  arrangement  would  be  this,  that 
on  a  train  arriving  from  the  Continent  and  pulling  up  at  the  custom 
house,  haviug  in  it  ^nrngghrs,  and  I  will  take  an  ostremo  caso,  and  say 
even  full  of  smugglers,  that  train  would  find  a  closed  grating  in  &onl 
of  it.  The  custom-house  officers  make  their  examination  ;  while  they 
are  doing  so,  persons  outside  the  station  by  the  apparattis  close  the 
gi-ating  in  the  rear  of  the  train ;  the  train  is  now  between  two 
gratings,  and  we  will  assume  that  the  officials  inside  tho  station  Bnd 
out  that  tho  train  is  full  of  smagglergf  and  that  thereupon  a  differ- 
ence of  opinion  arises  between  tho  smugglers  and  the  custom-houae 
offtcers,  and  it  may  be  that  the  pasaengers  being  desperate  characters 
intent  on  smuggling,  overpower  the  oustom-houBO  officers.  But  even 
when  they  hatl  done  that  it  appears  to  me  they  would  be,  as 
Shakepeare  says,  "  in  a  very  parlous  case,"  for  the  persons  outside 
who  have  the  command  of  the  apparatus  which  works  the  gatee^ 
seeing  what  is  going  on,  do  not  use  it,  but  they  go  to  the  nearest 
police  station  and  bring  down  tho  police,  or,  in  the  assumed  case  of 
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tlie  train  being  full  of  mugglerg,  it  maj  be  thoy  go  to  the  nearest 
fortress  ftnd  briug  down  a  regiment  or  two  of  soldiers ;  but  in  any 
eTeot  it  seems  to  me  that  the  smiigglers  would  be  very  btidly  off,  and 
if  there  had  been  a  £till  more  numerous  body  of  smiig^^lers  needing 
id  inhif  that  second  train  when  it  arrived  tioar  the  mouth  of 
lel  would  find  itself  barred  by  the  inner  gate,  and  the  occu- 
of  it  oonid  not  afford  mtich  aid  to  their  comrades  who  were 
\y  caged  in  the  custom  house. 
I  have  said  I  uiidert<3ok  not  tn  enter  into  any  conteutious  matter, 
it  Dobodj  has  saggestod  that  there  is  any  dangur  of  smitgtjlinfj^  and 
T  have  thought  therefore  m^body  could  be  offended  at  my  proposal 
of  n  means  of  putting  a  stop  to  it,  should  any  one  hereafter  suggest, 
that  among  the  dangers  arising  from  a  Channel  tunnol  is  that  of  the 
nmeptitaoiiB  intfodQction  of  goods. 

Such  on  arrangement  as  I  have  descrll  ed  would,  it  seems  to  me, 
he  &ee  from  any  one  of  the  three  objections  urged  against  other 
plans  for  stopjving  the  advent  of  undesirable  persons.  It  wiU  be 
mm  that  as  the  apparatus  must  be  worked  at  the  passage  of  every 
^aic,  it  would  escape  objection  No.  1,  which  is,  that  any  special 
■rrangement  to  bo  employed  only  on  an  emergency  wonld  be  of  no 
•erriee  when  that  emergency  arose,  because  from  want  of  usoi  it  would 
be  sore  to  bo  out  of  order.  Further^  from  the  circumstance  of  this 
htliitiial  Jsss  it  would  escape  objection  No.  %  which  is,  tbat  when  the 
ipeeial  arrangement  was  needed  on  an  emergency,  even  if  it  were  not 
oat  of  order,  it  would  be  practically  useless,  because  the  men,  not 
Iting  in  the  habit  of  working  it,  would  lose  their  presence  of  mind, 
mA  would  fail  to  do  the  right  thing  at  the  right  time ;  and  lastly, 
tlik  «»me  habitual  employment  of  the  apparatus  to  every  train  would 
^  over  the  third  objection,  for  it  would  prevent  the  snggestion  being 
adfe  that  any  one  train  was  treated  with  suspicion,  while  previous 
traina  had  been  allowed  to  pass  unchallenged,  as  by  the  plan  I 
propoae  all  trains  wonld  be  treated  alike  and  no  invidious  distinctions 
wamld  be  made. 

Mcmyrer^  there  w^»uld  bo  no  loss  of  time,  as  there  wonld  be  no 
Idaf  bejond  that  which  must  occur  somewhere  for  custom  house 


with  me  for  another  minute  while  I  describe  to  you  a  very 
ople  tint  eflbctnal  arrangement  which  might  he  used  as  an  adjunct 
ti  Cna  donble-gratod  station^  Let  there  be  made  iit  the  end  of  the 
tavMl,  just  before  it  reached  the  bottom  of  tho  shaft,  a  turntable,  say 
IOC  fevt  in  diameter  and  10  or  20  feet  below  the  level  of  the  tunnol ; 
CB  this  tamtable  place  a  cylindrical  block  of  concrete,  say  35  to 
10  iwt  high,  and  cased  all  round  in  armour  plate,  and  line  the  tunnol 
liMdl  nde  of  this  circular  block  with  armoiir^plato.  Through  the 
mmte  block  and  its  armour-plate  lot  the  tunnel  be  carried,  so  that, 
iriMft  016  tamtable  with  its  block  of  urmour-eaecd  concrete  stood  in 
the  tunnel  would  be  continuous,  straiglit  through  the 
I  block,  but,  when  tho  tiinitablo  was  revolved  one  rinartor  of  a 
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torn,  ibe  opening  through  it  would  be  transverse  to  the  line  of  the 
tunnel,  which  would  at  Siat  time  be  therefore  effectually  stopped  by 
the  armour-plated  case  of  the  block. 

I  know  you  will  say  YHiy  this  is  nothing  more  than  a  stop- 
cock !  I  agree  that  is  all  that  it  is,  but  it  would  be  a  very  effectual 
one,  and  as  it  would  be  turned  hydraulically,  it  could  be  worked  from 
Dover  Castle,  if  it  were  thought  desirable ;  and  I  fancy  that  any 
soldiers — I  beg  pardon,  I  should  have  said  smugglers — who  came  along 
the  tunnel  and  found  the  end  closed  with  a  smooth  curved  wall  of 
armour-plate  that  could  not  be  moved  and,  short  of  battering  by  a 
hundred-ton  gun,  could  not  be  injured,  would  begin  to  sorrowfully 
retrace  their  steps. 

In  conclusion,  let  me  thank  you  for  the  kind  attention  with 
which  you  have  honoured  me  to  night,  and  let  me  express  my  hope, 
and  I  trust  your  hope,  that  no  idle  apprehension  of  increased  fiBkcilities 
for  smuggling  to  be  afforded  by  a  Channel  tunnel,  nor,  as  at  this  last 
moment  of  my  lecture  I  am  all  but  tempted  to  say,  any  equally  idle 
fear  of  invasion,  will  stop,  or  even  delay,  the  execution  of  one  of  the 
most  useful  works  that  even  this  nineteeth  century,  prolific  as  it  has 
been  in  works  of  great  utility,  has  seen  proposed. 

[P.  B.] 
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14S 


WEEKLY  EVENING  MEETING, 
FridAj,  May  26,  1882. 
TaoitAs  BoTCOTT,  M.D.  FX.S,  KaD&ger,  in  the  Cbttir. 
Sm  HxNfiT  8.  Maiite,  K.CS.I.  F.E.S. 
Sacr^  Lam  of  the  Miiidm^ 

Tn  upesker  begati  by  referring  to  tbe  introdnction  of  tbo  study  of 
SiDScrit,  by  Sir  William  Jones,  wbo,  on  becoming  m  ladiau  Judge, 
fbimd  it  needfol  to  consult  tbe  Hiiidti  law  in  the  origLna].  The  law- 
books of  Manila  which  be  trauslikted,  woro  by  him  dtited  uboiit  1200  b^c, 
^d  belieyed  to  bo  the  work  of  one  man ;  it  ib  now  considered  by  Sanscrit 
Acbolars  to  be  a  modein  portion  of  a  long-con  tinuod  sories,  aud  it  has 
ma  been  dated  as  late  as  about  1300  a.d.  They  are  in  Yeraa,  Much 
mem  ancient  books,  the  earliest  in  the  form  of  aphorism b,  haYe  been 
£MTcred,  the  work  of  schools  of  learned  BrahmiuB  during  many  agc«. 
Th/s^  easentially  religious  and  liturgical,  teaching  what  mou  ought 
\o  kmiw  and  do  from  life  to  death— theology  and  morale.  There  is  a 
perfoel  continuity  of  life  which  runs  in  a  stream,  returning  in  iteolf, 
and  the  doctrine  of  the  transmigration  of  souls  pervades  the  whole 
■jiteiit ;  the  soul  of  a  vicious  man  enters  the  body  of  one  of  the 
Itrwert  animals  ;  that  of  a  h(dy  person  may  be  at  once  united  to  God» 
FkiMhrnfttit  for  sins  was  also  m^parately  ejected  in  twenty- two  hells  or 
pmigatarias ;  and  men  were  exhorted  to  torment  themscdres  in  this 
«wldp  to  eacape  worse  hereafter.  As  time  went  on,  the  king,  whose 
in  early  tlmefl  was  chiefly  to  enforce  penances,  became  a  jndg^ 
diiaf  of  a  tribunal,  and  oYontually  a  code  of  civil  law  was  cou- 
The  inheritance  of  property  was  intimately  connected  with 
mmhip.  When  a  Brahmin  became  old  he  became  a  hermit, 
nd  Mi  property  was  divided  amongst  his  sous,  vvhose  boundon  duty 
tt  «i«  at  bis  death  to  ap|»eaBe  ^  spirit  by  sacrifices.  The  earnest 
i«ctre  for  sons  led  often  to  ettmordtnary  forms  of  artiflcial  soaship, 
of  which  Adoption  was  only  one.  The  authority  of  the  Brahmins  was 
«urbttant ;  they  enjoyed  immunity  from  the  sanctions  of  tho  criminal 
lawi,  and  were  believed  even  to  have  a  certain  degree  of  iK>wer  over 
litt  gods.  They  were  priests,  legislators,  and  rulers.  Oa  a  full  ex- 
ion»  Iheir  influence  16  considered  to  be  rather  evil  than  good ; 
to  this  may  be  attributed  the  many  misfortunes  of  India.  The 
miml  now  is  turning  towards  Western  culture  and  civilisation, 
the  future  government  of  India,  which  has  to  respect  both 
Weetem  and  Eastern  principles,  i^  a  very  delicate  problem. 
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WEEKLY  EVENING  MEETING, 

Friday,  June  2nd,  1882. 

George  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-President,  in  the  Chair. 

n.  Heathoote  Statham,  Esq. 

The  Intellectual  Basis  of  Music, 

[Tbe  Author  regrets  that  he  cannot  supply  a  summary,  finding  it  impossible 
to  state  the  argutaents  and  illustrations  satisfactorily  within  a  limited  space.] 


GENERAL  MONTHLY  MEETING, 
Monday,  June  5,  1882. 
Geobge  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-President,  in  the  Chair. 

The  following  Vice-Presidents  for  the  ensuing  year  were  announced : — 

Warren  De  La  Rue,  Esq.  M.A.  D.C.L.  F.R.8. 

Hon.  Sir  William  R.  Grove,  M.A.  D.CX.  LL.D.  F.R.a 

Sir  Frederick  Pollock,  Bart.  M.A. 

William  Spottiswoode,  Esq.  M.A.  D.C.L.  Pres.  R.S. 

George  Busk,  Esq.  F.R.S.  Treasurer. 

William  Bowman,  Esq.  LLJ).  F.R  S.  Honorary  Secretary. 


Mrs.  J.  Stewart  Hodgson, 

Thomas  Ewing  Winslow,  Esq.  Q.C. 
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WEEKLY  EVENING  MEETING, 

Fridfty,  June  ^,  1882. 

Sm  Fbedebioe  BEAMWii!i4i.,  in  the  Chair. 

j*  BuRDON-SAifPKitBO!?,  M,D.  LL.D,  F.E,S,  Jodrell  Professor  of 
Physiology  in  Univoreity  Colloga 

The  ExcUahiiiiy  of  Plants* 
Past  L  AHntAL  Excitability. 

The  euhject  which  I  havo  to  bring  before  you  this  evening  may  he 
beet  defined  aa  relating  to  one  of  the  esseiitiftl  endowments  of  proto- 
plasm^  i.  6.  of  the  lining  material  out  of  which  tba  forms  of  animal 
and  plant  life  are  moulded.  It  is  one  which  we  asflooiato  mlher  with 
tho  nature  of  animals  than  with  that  of  plants,  though  it  is  common 
to  both.  In  every  kind  of  living  matter  we  are  able  to  ohserTe  an 
alternation  between  qniescence  and  activity ;  and  that  tho  transi- 
tion from  the  former  to  the  latter  is  determined  by  ex terual  influences, 
in  other  wordsj  excited  hy  stimuli.  But  in  general  wo  confine  the 
term  excitahUit^  ta  those  cases  in  which  the  transition  is  siiddon  and 
obviona^  and  particularly  to  those  in  which  it  is  attended  or  followed 
by  visible  chanf^os  of  form  of  the  excited  parts. 

When,  in  1874, 1  had  the  honour  of  giving  an  address  on  a  anbject 
included  in  the  present,  I  had  to  atinounce  what  was  then  a  new 
discovery,  namely,  tbat  a  phenomenon  which  had  been  long  known  to 
be  characteristic  of  the  transition  from  rest  to  action  in  animal  proto- 
plasm also  manifested  itself  in  the  plant.  In  all  animal  struct ures 
which  are  eiei table  or  irritahlo,  i.  e.  which  possess  the  property  of 
being  suddenly  called  into  action  when  excited,  it  is  found  that  the 
waking  «p — the  transition  from  rest  to  action — is  attended  by  an 
electrical  disturbance  which  is  of  short  dmation,  precedes  action,  and 
follows  excitation. 

It  is  well  known  that  there  are  parts  of  plants  which  diow  the 
same  kind  of"  wakeableness  " — which  pass  suddenly  from  quiescence 
into  motion  when  stimnlated ;  but  until  1873  the  question  ha4  not 
been  asked  whether,  here  also,  the  going  into  action  is  attended  with 
electrical  change  ? 

In  consequence  of  a  suggestion  made  by  Mr.  Bar  win  one  sninmer 
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moTiimg  in  that  year,  that  if  sach  were  found  to  be  the  caea  it  would 
ttSord  strong  confirmation  of  the  view  to  which  he  had  been  led  by 
eiitirelj  different  considerations,  of  the  close  relation  which  enN^ista 
between  the  essential  vital  proceseeB  of  plants  anil  animale,  T  under- 
took at  onoe  to  examine  into  the  subject.  It  wag  the  rough  resnll  of 
that  inqniry  that  I  brought  before  you  in  1874^  What  we  expected 
to  obsem  wae  obi>erTed,  It  was  found  that  in  the  leaf  of  Dionmi 
mudpujo,  which  wad  sheeted  as  the  example  of  plant-eicitability 
tet  ifdapted  for  th©  porpos©,  the  touching  of  the  aeiiBitire  hairs  waa 
Baaediately  followed  by  an  electrical  diaturbancoj  which  preceded 
tbe  Tisible  motion  of  the  leaf  As  the  electrical  phenoineaa  obserTcd 
itrikiiigly  resembled  those  which  present  themeeJveB  under  similap 
conditions  in  animals,  there  seemed  no  room  ftir  doubt  that  the  analog 
which  had  suggested  the  discovery  was  a  true  one.  But  in  187G, 
Professor  Muuk,  of  Berlin,  an  animal  physiologist  of  the  highest 
reputation,  published  an  elaborate  pajjer  on  Bionsea,  in  which,  whilo 
he  admitted  that  the  facts  which  had  been  recorded  were  in  the  main 
tea^  ftnd  that  a  real  relation  existed  between  the  electrical  disturbance 
vfaidi  follows  excitation  in  Dtonfea  and  the  en-called  "uegativo 
firiati<>n  **  of  animal  phy&iology,  he  charged  me  wilh  having  entirely 
miiiiBterpfeted  and  miaunderstood  tliat  relation  ;  and  in  1877  another 
rtQI  more  important  research  was  published  by  Dr.  Kunkel,  in  which 
tbe  question  wae  approached  from  the  side  of  plant-physiology. 
IVofmor  KnnkerB  ex[K}rimcnts  related  not  to  Dioneea  but  to  Mimoea, 
Mia  ooiidiisions  were  ae  directly  opposed  to  those  of  Dr.  Mimk  as 
ihej  were  to  mine ;  for  his  main  poeition  waa  that  all  electromotiye 
^iflfiiomena  obserred  in  the  orgaus  of  plants,  are  dependent  on  changea 
m  1^  distribution  of  water  in  their  tisaueS}  and  consequently  have 
wliatoTcr  in  common  with  the  electromotive  phenomena  of 
ftnd  nerve.  Even  had  there  not  been  other  j^ood  reason b  for 
the  investigation  of  the  subject,  thia  contradiction  of  opinion 
wold  bftfe  rendered  it  necessary. 

£v<erx  one  who  contemplates  the  behaviour  of  the  sensitive  plant, 
tm  of  tlio  Flytrap,  is  led  to  exclaim ;  If  it  had  but  nerrca  we  cuuld 
it  I  Let  us  for  a  moment  inquire  what  there  is  in  nerve 
lliese  animal-plants  seem  to  require.  The  question  is  easily 
Nerve  iB  the  channel  by  which,  in  the  animal  body,  the 
of  any  change  which  takes  place  in  one  part  of  the  organ!  am 
il  MBveyed  to  other  parts  at  a  distance,  independently  of  the  trans- 
mmtm  of  any  eeuBihla  motion.  Bailer^  who  is  well  called  the 
Umt  of  phyaiology,  sought  to  explain  the  propagation  of  indnenc€ 
il  Mmi|  horn  the  organ  of  the  will  to  the  muscles  which  it  governs^ 
W  lib*  tnuumisaion  of  motion  of  liq^uid  contained  in  a  tube  (as  in 
lb  Htlle  Appar&tns  in  which  my  hand  represents  the  will^  the  long 
isbe  the  nerve,  and  the  indicator  at  its  farther  end  the 
i),  It  IB  more  than  a  century  since  Haller  made  this  com* 
fttmi,  bat  erven  then  he  was  behind  his  time,  for  a  greater  than  he 
~37«wtoii — had  clearly  recognised  that  the  process  by  which  the 
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brain  becomeB  cognisant  of  wh&i  goes  on  at  iJie  surface  ,of  the  body 
cannot  be  Bttribnted  to  tho  communication  of  any  viaible  or  iensiblo 
motion*  Newton,  although  at  that  time  no  one  had  ever  seen  nerve- 
fibres  aa  we  now  gee  them  under  the  microscope,  jet  deacribed 
thera  with  perfect  truth  as  '^pellueid  and  uniform  hair-liko  fila- 
ments," in  which  vibratory  motion  could  bo  propagated,*  This  con- 
ception Haller,  who  was  certainly  not  wanting  m  imagination, 
rejected.  Failing  to  underatand  that  the  thrills  which  Newton  con- 
templated wero  of  an  order  far  more  subtile  than  those  of  sound,  he 
argued  that,  if  the  function  of  nerve  were  dopendcDt  on  the  propaga- 
tion of  vibratory  motion,  these  would  so  interfere  one  with  another, 
that  all  digtinctne-ss  of  impresalon  and  of  action  would  be  lost^  &c 
Ualler'a  doctrino  of  th©  nerve-fluid  held  undisputed  swaj  for  a 
century ;  we  have  still  traces  of  it  in  the  langimge  used  by  medical 
writers.  But  the  notions  which  wo  now  entertain  on  nervo-function 
are  much  more  allied  to  those  of  Newton— so  likCj  indeed,  that  they 
might  be  clothed  in  his  language. 

I'he  tranamissioQ  of  an  impression^  i.  o.  of  a  state  of  excitation  in 
a  nerve,  has  been  justly  compared  to  the  propagation  of  a  mechanical 
disturbance  along  a  row  of  card  bouses,  so  arranged  that  the  collapse 
of  any  one  of  them  necosflarily  determines  that  of  its  neighbonrB, 
Such  a  structure  exhibit*  the  proportiee  assigned  by  Newton  to  the 
pelluciil  capillamentft  of  norvos,  its  cai'd  houses  corresponding  to  the 
particles  of  wliich  the  pellucid  substance  was  conceived  by  him  to  be 
made  up.  In  the  one  case,  as  in  the  other,  a  diBturbance  (excitation) 
which  originates  at  any  point  is  propagated  in  either  direction,  reaching 
its  goal  in  a  time  which  is  proportional  to  the  distance  travelled- 

A  still  better  illustration  is  furnished  by  the  propagation  of  an  ex- 
plosion, Here,  for  example,  is  a  traio  of  gun-cotton,!  When  I  excite 
the  end  of  the  nerve  with  a  match,  a  blaze  runa  along  to  the  opposite 
end,  of  which  you  can  easily  trace  the  progress,  and  if,  in  repeating  the 
experiment,  I  partially  block  the  explosion  by  compressing  tbo  strand 
midway  by  a  weight,  you  see  plainly  enough  that  propagation  i» 
retarded  at  the  obstacle. 

The  main  ground  for  the  statement  I  have  made  to  you»  that  the 
transmisaion  of  an  Lmpresaion  along  a  nerve  is  analogous  to  the  pro- 
pagation of  an  explosion,  lies  in  the  proof  first  given  by  Helmholtz, 
that  time  is  lost  in  the  transmieBitm  of  excitatory  electa  along  nerves, 
aud  that  the  time  is  proportioual  tu  the  diataiice.  This  I  will 
endeavour  to  illustrate  by  an  experiment.  Tracing  the  motor-nerve 
channels  by  which,  in  the  human  body,  the  influence  of  the  will  is 
convoyed  to  the  muscles  of  the  thumb  and  fiugor  as  in  tbo  act  of 


•  goe  Qqery  24  at  the  eJid  of  llie  third  Book  of  Newtou'e  OplicB,  Dr,  Hordley'a 
edition,  1782,  p.  22G. 

t  Mr.  Ab^U  with  the  grcnteat  kindness,  c^nnhkHl  luo  io  illustrate  this  port  of 
itie  lecture  by  experimenta,  ibowing^  how,  flccnrditig  U*  tliiv  tuLturo  of  ilia  ra- 
ploiivG  subatanoe,  the  relooity  of  prcipagAiion  in  vory  diffi'rent,  though  the  mode 
of  propngatioii  is  the  aflroe. 
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descriptiTd  ftnatomy  teacboB  me  that  tlie&e  approach  the 
fttrfaco  eafficicntly  cloecly  to  be  within  reach  of  mdaGtiou  currents 
led  through  at  the  sltiDj  at  two  places,  namely,  above  the  collar-boae 
ft&d  at  the  bend  of  the  elbow.    If,  by  the  moans  I  haye  indicated,  I 
•aette  the  oerTe  at  either  of  these  poiote,  the  hand  involuntarily 
jpHlTiiiii,  bat  if  I  measure  the  time  which  elapses  in  the  two  cases 
H^ten  the  excitation  and  the  moscnlar  rcsponso,  I  find  it  to  be 
HPIpeot — ^tho  diflferonco  being  tho  measure  of  the  tirao  occupied  by 
■Kfl  excitatory  change,  from  the  clavicle  to  the  bend  of  the  arm.* 
^     The  ei|Kjriment  you  have  seen  not  only  Bcrvea  to  illnstrate  the 
retemblimce  between  the  propagation  of  the  excitatory  state  and  that 
of  *n  explosion,  bot  fdm  to  exhibit  the  contia^t  between  them.    It  ia 
OOmmon  t<»  all  escitable  atriictnres,  whether  of  plant  or  animal,  that, 
pvofided  the  intervals  are  not  too  abort,  the  estoltations  can  be  repeated 
•Dymunber  of  timea  without  losing  their  eff<jct,  a  fact  which  can  only 
lie  explained  on  the  hypothesis  that  in  such  aiructiires  provision 
exists  for  the  immediate  recnperation  of  lost  energy ;  or,  in  other  words, 
thfti  the  mftcUinulte  which  take  part  in  the  proptigation  of  the  exeita- 
toy  dbl&rbaaoe  «r<?  ondowod  with  the  faculty  of  quickly  rocovering 
theor  original  oondition,  set  aa  to  be  ready  for  another  excitatioii.t 

in  bringing  before  you  these  elementary  facts  relating  to  animal 
wilftbilily,  my  object  is  to  use  them  in  tho  comparison  we  shall 
ihorUy  hare  to  make  between  animals  and  plants  in  respect  of  this 
property.  Frora  the  last  exp^.*rijuc;ut  wo  have  learnt,  in  addition  to 
li*  hct  which  it  was  sjjeciaUy  intended  to  illnstrate,  that  the  auJden 
tteage  of  form  of  a  mtiscle  which  we  call  it^  contraction  is  of  such  a 
Mtore  thiit  the  strnctere  shortens  in  one  direction  only,  and  that  it 
pmm  in  thickness  in  the  same  proportion  that  it  diiuini^es  iu 
ki^[tfa.  The  exitenment  further  illngtrates  tbe  fact  that  a  muscle 
do«  not  ooutract  of  it«elf,  but  that  it  nndtTgoes  this  ehsjige  only 
when  il  18  dintotly  or  meiliately  oicited.  Bearing  these  faets  in 
Bond,  I  would  ask  your  attention  to  Bome  farther  ebaracterietics  of 


*  The  meaMoieiovtti  Is  effected  by  reoordjn^  tbe  inusculsr  action  on  a 
Uackflped  gke»  plftte»  uhldi  is  so  fixed  to  a  peudulum  that  ita  aurfat^  in  panilbl 
villi  the  pUtie  of  ufleitLatlaii»  The  peadulum  ia  allowed  to  make  r  single 
9wm^  from  n^hl  to  telt,  nnd  \a  doing  so  strikes  a  tri^'gcr,  the  effect  of  ^hieh  m  to 
ocilB  Ihe  tierte  bj  an  uidnctton  &bfick  nt  fme  ot  other  of  th^*  painty  indieated. 
T«&  «Kperaiiieul0  w«r«  made  ftt  the  lecture  in  immecImtG  miccQ^Hiori,  in  one  of 
•iidi  W0  narre  wni  exeitcd  at  the  more  dUtant«  in  lht^  other  nt  tbe  nearer  poiut* 
Aa  MmmammMt  of  time  between  the  two  records,  calcuhiikHl  from  the  diaUnoe 
ba  «adk  otbir  of  the  two  tracinga,  wa«  about  of  a  aeound.  Ab  the  diBtan«e 
Maboai  18  this  gires  about  6d  metres  per  second  09  the  rate  of  tmna- 

^■loc  TMd  reenit  wae  probably  not  far  from,  the  truth,  but  the  reader  will 
ndiflitaad  Lbat  a  tnenaurement  made  under  the  coudiiione  of  a  leatnre  experi- 
Mt  mid  ool  be  relied  on, 

f  T%9  «3itreiDe  ilwrtnesa  of  the  interviLl  of  time  1>etween  PieoesBlve  exeibtiona 
ttmnaeltwma  iliofltrated  m  eiperiroeni  in  whioh  the  rbeosoopio  limb  of  a 
bag  iru  kept  in  i«p«ated  mBDodie  aciiun  by  the  roioe  of  th«  lecttirer  acting  on 
a  itlffibono  uf  which  the  wirei  were  in  contact  with  tbe  nerre. 
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the  excitaiory  jprocege  iu  muficlo^  a  knowledge  of  wluch  is  eBBential  to 
our  purpoeo. 

The  first  of  tliese  is,  that  in  every  Bach  process  the  yisible 
rogponRe  (in  the  case  of  mii&cle  the  contraction)  is  eeparrated  in  time 
from  its  cause,  the  ei citation,  by  a  period  during  which  no  yiBiblo 
change  occurs^  although^  for  reaeons  which  I  need  not  here  inBiut  on, 
molecular  changes  must  be  in  progress.  With  suitable  appliances  it 
would  not  have  been  difficult  to  prove  this  to  yott  experimentally  in 
respect  of  ordiniiry  muscle,  but  it  can  be  much  more  easily  demon^ 
fetrated  if  I  substitute  for  ordinary  voluntary  muscle,  the  mtisctiliUF 
tissue  of  the  heart,  in  which  the  process  is  about  fifteen  times  as  slow. 
Here,  although  the  eieitafcory  changes  occur  in  the  same  order,  and 
are  of  the  same  nature  as  in  common  musclOj  the  interval  between 
excitation  and  response,  amountiDg  to  about  a  ^th  of  a  second,  is 
very  easily  perooived.* 

It  is  obvious  that  this  iDterval  may  be  regarded  as  a  period  of 
transition  from  the  quiescent  to  the  active  state,  and  I  told  you  at  the 
beginning  of  the  lecture  that  it  was  always  accompanied  by  electrical 
changes  of  a  characteristic  kind  in  the  excited  part.  I  wish  now  to 
show  yon,  that  in  the  mnecolar  substance  of  the  ventricle  of  the 
heart,  in  which  we  have  been  able  to  observe  the  exiBtenee  of  an 
interval  of  apparent  inactivity  between  excitation  and  visible  responise, 
this  transition-time  is  occupied  in  the  way  that  has  been  stated. 
For  this  purpose  we  have  arranged  the  ventricle  of  the  heart  of  a 
frog  in  such  a  way  that  it  can  be  projected  on  the  screen.  At  the 
same  time  the  surface  of  the  ventricle  is  le<i  off  to  the  galvanometer, 
the  electrodes  being  applied  one  at  the  base  the  other  at  the  apex. 
The  galvanometer  is  su  arranged  that  the  image  is  thniwn  on  the 
screen  close  to  the  lever.  On  excitiug  the  heart  as  near  as  possible 
to  the  apex,  the  image  shoots  off  in  a  direction  which  indicates  that 
the  excited  part  of  the  surface  of  the  ventricle  becomes  negative  to 
the  rest,  and  it  is  seen  at  the  same  time  with  perfect  distinctness  that 
the  electrical  efifect  precedes  the  mechanical,  ie.*the  rise  of  the 
lever- 
There  are  two  other  facts  which  are  of  importance  for  our  purpose, 
and  for  the  demonstration  of  which  the  muscular  tissue  of  the 
ventricle  of  the  heart  of  the  frog  is  also  available.  The  first  is  that 
during  a  certain  period  after  each  excitation,  which  M.  Marey  has 
called  the  "  refractory  period/'  but  which  is  more  correctly  termed  the 
period  of  diminished  excitability,  the  tissue  does  not  respond  to  a 
second  oxcitation :  the  second  is,  that  the  duration  of  the  excitatory 
efl'ect  (as  indicated  by  that  of  the  electrical  distiirhance  of  the 

*  For  this  purpofte  thei  cMnieal  Yeotricle  of  n  frog's  li*«rt  was  prajectod  on  the 
«cre«ti  with  a  weight  Attaolied  to  its  apeic,  the  base  bi.inpf  fixed,  It  was  Ext  ited 
directly  by  an  iDductiuQ  aliock,  an  t)lectro-iDfl.^etic  indicator,  iDti'r}x}])jtL^  in  the 

Eriranry  eireiiit  of  the  iTiductorinm  beiTi^  also  projected.    Tiic  mUirTRl  of  timo 
^Iweozi  the  two  e?ciits,  visE*  the  indue tioa  ahock  aad  the  leapoiuffi,  wati  mutde 
obvious. 


<m  the  Excitability  ofPlania^ 


151 


mechanieftl  efiTect  wHcb  follows  it,  and  of  the  stato  of  suepeiided 
aicitabiHtj)  ifi  go^et^ed  by  tlio  temperature  at  which  the  obeenratioo 
i«  made.  The  first  of  these  proportions  m&j  be  illustrated  by 
azTttngmg  an  exporimeut  in  such  a  manner  that  a  veutricle  at  10°  0. 
meivea  two  excitations  (induction  shocks)  at  an  interval  of  about 
m  mbotmd*  Both  are  elSectual,  but,  if  the  interval  is  in  the  slightest 
d^giee  diiortened,  the  second  fails,  for  it  falls  within  the  period  of 
a}>eiidad  excitability.  The  proof  of  the  second  proposition  can  of 
eoane  only  be  obtained  by  series  of  measurements  of  tho  tijiie 
oocnpiod  rospoctiTely  by  the  electrical  disturbance  and  by  the  con- 
tactioiL,  at  difierent  temperatures  i  but  when  succeBsive  obearvations 
ifie  taken  of  the  same  Tentricle  at  temperatures  which  diiler  by  Bovoral 
degrees^  the  contrast  is  very  readily  appreciated.* 

The  experiments  yon  have  seen  this  evening  may,  I  trust,  have 
WTf^  to  iUmstrate  the  main  facts  of  animal  excitability  snffieiently 
to  esiable  ns  to  proceed  to  the  subject  which  more  specially  interests 
u — that  of  the  excitatory  phenomena  of  plants. 


The  number  of  plants  which  exhibit  what  is  often  called  irritability 
i«  Tcry  considerable.  I  will  not  weary  yon  with  even  ©numerating 
them«  Yon  will  see  from  the  table  that  they  are  distributed  among  a 
number  of  natural  orders,  so  that  one  might  bo  inclined  to  suppose 
lliit  ia  this  respect  no  relation  could  be  traced  between  tho  physio- 
kigi«ftl  endowments  and  the  morphological  characters  of  a  plant* 
That  it  is  not  so  we  bare  abundant  evidence.  Thus,  in  the  same  genus 
we  may  find  all  the  speoies  excitable,  though  not  in  the  mme  degree. 
The  extreme  sensitivenoss  of  the  Chinese  Oxalis,  formerly  called 
Biofih^tum  *en*i'/itr«m^  because  it  was  supposed  to  be  particularly  alive, 
appears  in  a  less  degree^  but  equally  distinctly  in  our  own  wood-sorrel, 
as  well  as  in  the  Tree  Oxalia  of  Bengal — the  Ciirambola,t  which  is 
d«§eribed  in  an  interesting  letter  addrosseil  by  Dr.  Itobert  Bruce  to 
8ir  Joa.  Bonks,  and  published  in  the  *  Philosophical  Transactions/ 
Again,  in  the  same  order,  as,  for  example,  nmung  composite  plants, 
we  may  bare  the  Thistles,  Knapweeds^  aud  Hawk  weeds,  all  showing 
escil(>-eontractlIity  in  the  same  way,  although  the  plants  do  not  at 
^  memble  each  other  in  external  appearance*   In  order  to  make  you 


*  To  llltutnte  the  inflnenoG  of  tsmperattiro  two  ven  trie  lea  were  proj  dieted  on 
lb«  Moeeiit  of  which  one  w&i  in  oontoct  with  a  Lfic-quuired  mt^tal  Burfnce  at  10°  0. 
Ibt  cAber  lit  15^  0.  In  th€  latter  ca^  the  time  occupied  In  tb<?  contraotion  was 
■boel  luilf  «  ac^nd  ahortir  than  in  the  foriHtr.  Aa  r^giirds  the  peri<iil  of 
•npsmled  excilabiittj,  it  was  fljTat  ehown  lb  tit  at  lU*^  C.  the  second  of  two 
tsdtatkiDM  WW  InefTectu&l,  but  raiBiiig  Ihe  iMtiiperatiire  two  or  three  degrees, 
Hbm  tftB^te  uf  thtngB  w&a  bo  cliMteed  th&t  both  exctt^itiona  were  fitllowed  bj  a  con- 
fenctioa,  the  nfractoff  p«nod,  like  that  of  ejatole,  being  nhortened  bj  the 


t  ^  An  aoootint  of  llie  Senntiv e  Quality  of  the  tree  Aver rhoa  CammbDla.'^  B; 
Bcib«rt  Brace,  H.P.   C        Tnuu./  toL  Llxy.  p.  3560 
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aoqnainted  with  the  meohanism  by  which  the  excitable  motioiiB  of 
pluits  are  brought  about,  I  will  confine  myself  to  a  very  few 
examples,  selecting,  of  coarse,  those  which  haye  been  most  carefully 
investigated. 

Eveiy  one  is  acquainted  with  the  general  aspect  of  the  sensitiye 
plant.  Probably,  also,  most  persons  hAYe  observed  the  way  in  which 
the  leaves  behave  when  one  of  them  is  touched,  namely,  that  the  lea£, 
instead  Qf  being  directed  upwards,  suddenly  fidls,  as  if  it  had  lost  its 


Fia.  1. 


Leaf  of  MimoM :  a,  in  the  nnezcited  state ;  b,  after  eicitation  (after  Pfefier). 

power  of  supporting  itseli^  and  that  the  little  leaflets  which  spring 
from  the  side-stalks  fold  together  upwards  (Fi^.  1).  But  p^haps 
every  one  has  not  observed  exactly  how  this  motion  is  aooomjplishedK 
namely,  that  by  means  of  little  cylindrical  organs  th^  leaflets  ax6 
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jomted  on  to  side-stalks,  the  dde-atalk  on  to  the  prmctpfll  ettiTk^  and 
the  principal  stalk  on  to  the  Btem.  In  those  HtUe  cyliciderB,  tho 
powers  of  motion  of  the  leaf  have  their  seat.  They  may,  thereforo,  be 
called  the  motor  organB  of  Mimosa.  I  would  ask  your  attention  to 
tbdlr  itmotxire. 

In  my  description  I  ^rill  confine  myself  to  the  relativ^ely  large 
joint  at  the  base  of  the  priQcipal  leaf-stalk.  If  yon  make  a  section 
thnmeh  it  m  the  direction  of  its  length,  you  find  that  it  consists  of 
t^Mi  fellowrag  parts.  In  the  a^is  of  the  cylinder  is  a  fibro-Toscular 
bondle ;  above  it  are  nnmeroos  layers  of  roundish  cells  with  thiek 
walla,  and  between  these  there  edst  everywhere  Intercellular  spaces^ 
which  in  the  resting— that  is  the  excitable—state  of  the  organ^  aro 
&Ued  with  air.  The  surface  is  covered  by  epidermis.  Bolow  the  aiial 
bundle  there  are  equally  numerous  layers  of  cellsj  but  they  diiJer  from 
the  others  in  this  respect,  that  their  walls  are  more  delicate  (Fig.  2). 
And  now  let  ua  study  the  mechanism  of  the  motion.    The  literature 


Fig.  2. 


S«((riia  ftf  tbt  motor  c^rpkR  ns  projected)  on  the  screen.  Tlic  riiftcular  buntltti  iii  the 
■fiile  «f  tllc>  section  eottiists  of  n  cTlioder  of  thlck-Wiilled  woody  Rbrea  nnA 
wmmlLtf  wartewnAtd  hj  m  lajrer  (attaular  m  secrtioD)  of  elongsted  cells.  Th«  |)«rfin' 
tbfBft  If  ituck^r  below  ihoM  nbore  the  vaacoiL&r  bundle.  The  ficutioa  foik  to 
ihev  thftt  the  cell*  of  the  upper  half  hare  thicker  walls. 

fif  this  sutjdoi  is  voluminous.  Substantially,  however,  we  owe  the 
knowledge  we  poseesfi  to  two  observers— E.  Briicko,'  who  studied  it 
m  1848,  and  Pfe£rer,t  whose  work  appeared  in  1879.  I  must  content 
■jielf  with  the  most  rapid  summary. 

Let  me  b^^m  by  noticing  that  Mimosa,  in  common  with  many 
tAm  eatable  plante,  exhibits  that  remarkable  phenomenon  which 


^  Brlb^t^  **Ueber  die  Bewegnng  der  MimotA  padica,"   Miillflr'K  ^Archir^* 
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we  commonly  caJl  the  Bleep  of  plante,  that  is,  that  as  night  opproaches 
the  leaf-BtalkB  Bink^  and  the  leaflets  fold  np,  the  whole  leaf  asenmiog 
a  fK>Bition  closely  resetnbling  that  which,  it  assumee  when  it  is 
irritated.  All  that  time  will  allow  m©  to  say  on  this  subject  ifl 
that  althongh  the  leaf  assumes  the  same  position  in  sleep  as  after 
excitation,  the  two  oflfects  are  not  identical.  The  state  of  sleep  differs 
from  that  in  which  the  plant  finds  itself  after  it  hae  been  irritated  in 
two  particulftrs.  The  first  ia,  that  in  the  state  of  sleep  it  is  fltiU 
excitable,  and  responds  to  stimulation  exactly  in  the  s&me  way, 
although  from  being  already  depressed  the  extent  of  its  motion  is 
diminished  ;  the  otber  is,  that  in  sleep,  tho  joint,  although  bent  down^ 
watda,  18  still  more  or  lees  reBisfcont  and  elastic ;  whereas  in  the 
uneicitable  (or,  what  cornea  to  the  same  thing  emited)  state,  all 
elasticity  has  disappeared.  In  a  word,  in  the  motor  organ  of  Mimosa, 
in  common  with  all  other  excitablo  structures,  the  characteristic  of 
the  cicited  state  is  Umpnes9.  All  the  MimoBa  plants  on  the  table  are 
in  the  Btate  of  sleep,  but  are  still  excitable,  for  when  they  are 
touched  they  sink  to  an  OTon  lower  position  than  that  of  sleep^  and  at 
the  some  time  become  limp.  Hence  you  hare,  as  the  result  of 
excitation ,  two  changes,  namely  (1)  the  change  of  position,  only  to  be 
obseryed  when  the  plant  is  awake,  and  (^)  the  loss  of  Btlffhess, 
dependent,  as  we  shall  see,  on  a  vital  change  in  the  protoplasm  of  the 
oeUs,  which  is  also  obeeryed  when  the  plant  is  asleep. 

So  mncb  for  the  general  nature  of  the  excitatory  change.  How 
do  we  discover  what  the  mechanism  is  by  which  this  rcmarkftble  organ 
of  motion  acts?  By  a  mode  of  experiment  which  is  well  known  to 
the  physiologist.  It  may  be  called  the  method  of  ablation.  We 
have  here  a  mechanism  which  consists  of  several  distinct  parts,  each, 
we  may  presume,  haying  a  distinct  purpose ;  aud  the  only  method 
which  will  Guable  us  to  discover  what  these  several  purposes  are  is  to 
obBorve  how  mch  acts  alone — or,  on  the  other  hand,  bow  the  rest  act 
after  it  has  been  taken  away. 

To  provo  that  the  motion  of  the  whole  leaf  is  dependent  on  tbe 
motor  organ  at  the  base  of  its  stalk,  requires  no  experiment.  We  see 
that  the  leaf  descends,  tho  joint  bends,  while  the  stalk  remains  rigid, 
ftud  we  know  from  its  etcucturo  that  the  latter  contains  no  mechanifim 
by  which  it  can  act  machai^ically  en  the  joint,  as  I  act  on  my  wrist 
by  tho  muscles  of  my  fure^ann. 

Tho  question  therefore  is— Wliat  part  of  tho  joint  is  essential  ? 
We  begin  by  taking  away  the  upper  half,  leaving  tho  axial  bundle 
and  the  lower  half,  and  find  that  the  leaf  assumes  a  higher  position 
than  before.  When  touched,  it  falls.  The  function  of  the  upper  part, 
therefore,  is  merely  auxiliary.  The  essential  part  is  the  lower,  which 
in  the  unexcited  state  is  capable  of  bearing  the  weight  of  the  leaf.  When 
it  is  excited  it  suddenly  becomes  weak,  and  the  leaf  falls.  How  does  it 
do  this  ?  We  will  proceed  to  remove  the  axial  bundle.  The  cellular 
cusbion  expands  and  lengthens,  shovying  that  it  is  elastic,  and  has  a 
tendency  to  spmtg  out  when  liberated.    Wo  have  seen  that  this 
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ndstent  ctifibion  oonaists  of  cells,  tliat  ia,  of  little  bladders^  each  of 
wMdh  ia  dislended  with  liquid;  and  Hb  tendency  to  expand  as  a 
whole  m  due  to  the  tendency  to  expand  of  the  innumerable  cells  of 
vhich  it  ie  made  up.  In  the  nnmutilatod  state,  these  are  squeezed 
into  a  smaller  space  than  that  which  they  would  a.4Bmne  if  thej  were 
left  to  themselveB  ;  and,  consequently,  m  thoir  expansion  is  prevented, 
or  car  bed  on  one  side^  it  acts  on  the  oppoBite  side,  ^  as  to  bend 
nrlinder  in  the  direction  of  the  restraints 

All  of  this  we  can,  perhaps,  better  nnder&tand  by  a  model ;  and  it 
is  poseable  to  mako  one  whic;h,  not  only  in  form,  but  io  principlef 
eomspoiids  ki  the  liying  mechanism  it  is  intended  to  illufitmte*  In 
tiie  model  the  axiiU  bundle  is  represented  by  a  strip  of  leather,  the 
immmerable  ceils  of  the  excitable  ciiBhion  by  an  india-rubber  bag. 
By  &  pump  we  are  able  to  fill  this  cell  or  cushion  more  or  loss  with 
fluid,  and  thus  to  ^ary  its  teoeion,  and  you  eee  that  if  we  incroaso  the 
tension,  the  stem  rises*  B^^  dimloution  it  suddenly  falls,  just  as  the 
Mimo^  leaf  does  wh^^n  irritated. 

We  hare  come  then  to  this  point — that  the  reason  why  the  leaf 
suddenly  sinks  on  excitation  is  that  the  colls  undergo  a  Budden 
diminDtion  of  tension  or  expansion.  But  our  inquiry  is  not  yet 
tofraiiuit^  We  have  still  to  ask — How  is  this  loss  of  tengioa 
dfeoUsd  ?  The  answer  is,  by  discbarge  of  water.  In  the  unexcited 
iiile  M  these  cells  are  distended  or  charged  with  liquid.  Suddenly, 
K^ien  the  structure  is  excited,  they  let  out  or  discharge  that  liquids 
and  it  finds  its  way  first  into  the  inter-cellular  air  spaces,  and  secondly, 
oat  of  the  motor  organ  altogether.  This  we  know  to  be  a  fact  by  an 
experiment  of  Ffefi't^r's,  Tvhich  must  be  regarded  as  one  of  the  most 
importflUt  relating  to  the  mechanism  of  plants  that  was  OTcr  made. 
He  obeerved  that  if  the  leaf-stalk  is  cut  off  from  the  motor  organ,  a 
dmp  of  fluid  appears  at  the  cut  surface  at  the  moment  that  tho  latter 
bi^nds  downwards  on  excitation,  and  that  in  the  experiment  described 
jnct  BOW,  in  which  the  upper  part  of  tho  motor  organ  is  cut  off,  there 
w  aJao^  so  to  speak,  a  sweating  of  liquid  from  tho  cut  surface. 

We  &re,  therefore,  certam  that  liquid  esca[>es,  but  why  does  it 
onpa  ¥  That  I  shall  explain  farther  on,  and  will  now  proceed  to 
tmtk  olber  examples.  Ouu  is  a  plant  which  is  a  great  favourite  in 
hemdom^  for  it  is  one  which  flouriRheR  even  in  London  smoke — 
I^AhIiIA.  For  our  purp<>so  it  is  good  chiefly  because  its  structure  is 
wmj  HBiple,  It  is  one  of  those  ei  a  in  pies  in  which  oicitability  is 
•MDckted  with  the  function  of  fertilisation,  and  inasmuch  as  this  is 
ft  wy  transitory  purpose,  the  property  itself  is  transitory.  Whea 
eelk  of  the  stigniatio  surface  are  touched  they  discharge  their 
Is^nid  ooo tents,  and  consequently  become  limp.  The  outer  layer  of 
1^  lip  is  elastic,  and  tends  to  bend  inwards,  Cons^uently  when  tho 
iiBMir  eeUe  lo»e  Ibeir  elastic  resilience  it  is  able  to  act,  and  the  lip 
ladi  inwards*  In  another  allied  plant,  Oold/ussia  amsophifUa 
(fl^  3jw  which  was  doficribcd  forty  years  ago  by  the  Belgian 
Marren,  we  have  the  eauie  mechanism.    In  this  plant,  aa 
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Fjq.  3, — Stjle,  stameiis,  and  part  t^f  corolU  of  Guldfuf»aia.  In  the  Icflohaad  fig^in 
the  stflt  ia  l&  lha  tmexcU&cl  state ^  and  ii  cnrred  upward*^  «a  that  the  fltigmitic 
turface  looki  towards  the  month  of  Ihe  coivlta^  On  e^rcitntion  it  snddeiilj^ 
aisncne»  th«  poftition  ihown  in  the  second  (i£ur«,  the  stignia  loobiag  towardi  the 
roots  of  the  collectiDir  hairs. 

Fia.  4. — Flnwerof  Stylidinm,  ihowing  the  column  In  the  nnexciiai]  Btatt^  terminating 
in  the  anthers  and  Btigma,  which  are  NtiiTouDfkd  hf  conspicuoos  hairs.  It  is  bent 
down  nt  the  mouth  of  the  corolla,  the  four  priocipal  lo^s  of  iMihichare  Men,  two 
on  each  Mde^  mid  partly  conceals  the  lifth  lobe  or  Uhellum. 

FlQ.  5, — A  ^oret  of  Gentaurea  as  prepared  for  projection  on  the  scroeD.  Th% 
corolla  (c)  hae:  heen  cut  awaj  »o  as  to  expjiie  the  fire  fiUmeDti  (^),  b«set  with 
hairs,  and  uoited  a  bo  re  into  the  anther  tube  (a).  The  liluiienta  are  »rched 
outwardc,  oi  in  the  unexcited  itate. 
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ikowii  m  th^  drawing,  the  style  is  not  Hpp^  but  awl-ahaped,  It 
mchea  to  the  month  of  the  ehowy,  omnge^oloured  corolla,  to  the 
inside  of  which  it  is  nnited  bj  its  noder  siirftice.  It  has  a  amooth 
side,  the  epidermis  of  whicli  ta  mode  up  of  Qumorotia  small  pris^ 
mtic  celle  and  is  veij  elagtio,  and,  in  th^  nnexoited  state,  concave, 
md  a  papiilated  side  beset  with  the  nipple-like  ends  of  cylindrical 
edls,  which,  when  nnexcited,  are  distended  with  liq^uid.  These 
eylindrioal  cells  are  cpntinuous  with  thoee  of  the  conducting  tissue 
cif  ^b»  ityle*  When  an  insect  enters  the  flower,  it  does  two  things  : 
it  diAZges  the  fringe  of  hairs  on  the  inside  of  the  coroUa  with  pollen » 
and  touches  the  stjle,  which,  in  consequence,  hends  snddenlj  in  the 
opposite  direction  to  that  in  which  it  was  bent  before,  so  as  to  plunge 
lit  etigmatic  surface  into  the  fringe.  In  this  motion  the  epidermis 
ttcls  an  m  spring  simply.  So  long  as  the  stigmatic  tissue  is  turgid  it 
QUmot  act.    The  moment  its  cells  lose  their  tension,  off  it  goes.* 

Another  plant  inTOsti  gated  by  Morren  is  one  of  very  different 
Cfganisation,  but  is  one  io  which  the  existence  of  excitability  has  an 
equally  plain  teleological  interpretation.  Long  ago  Bobert  Brown, 
to  whom  plant-lore  owes  so  much,  when  exploring  the  flora  of  Botany 
Bat,  became  actioainted  with  the  now  weU-known  Australian  plant 
caUed  Stylidium.|  [A  specimen  &om  the  Boyal  Gardens  at  Kow  was 
exhibited.]  Here  is  the  plant  (Fig,  4).  The  flower  is  too  small  to 
be  eadly  aeen,  bnt  the  diBgram  will  enable  you  to  anderstBod  the 
meehaniflm.  It  has  again  to  do  with  iiieeclB  and  fertilisation.  In 
itylidlnm  the  anthers  and  stigma  are  nnited  together  at  the  anmmit 
<f  a  cylindrical  stem  which  may  be  compared  with  the  motor  organ 
cf  IfimuluB.  Ton  might  naturally  suppose  that  they  were  arranged 
■o  in  order  that  the  pollen  from  these  anthers  should  be  at  once 
imived  by  the  adjoining  stigmatic  sttrfaco.  That  it  is  not  so  is 
evident  from  th©  order  of  development  of  the  flower,  for  you  find  that 
at  the  moment  that  the  anthers  burst,  the  stigma  is  not  yet  mature. 
Confie(|QeiitIy  the  pollen  is  not  intended  for  it,  but  for  flowers  which 
hare  come  to  maturity  earlier,  and  tite  mechanism  which  now  interests 
ufi  fulfils  this  purpose.  The  figure  shows  the  singular  form  of  this 
ttrange  flower.  Yon  observe  that  the  column,  as  it  is  caUed,  is  bent 
down  over  the  eorulla  so  as  to  be  in  contact  with  the  odd-lcx)king 
labeiiom,  which  here  takes  the  place  of  one  of  the  petals.  At  the 
BOBml  ihlht  the  anthers  burst  the  column  attains  its  greatest 
mvttiTeiaets.  The  slightest  touch  caused  it  to  spring  up,  straighten 
itielf  snddcnly,  and  then  bend  over  to  the  opposite  side.  The 
liioehaaism  resembles  that  of  Mimosa  and  of  Mimalus.  There  is  a 
the  action  of  which  is  restrained  by  the  resiltcnco  of  cells 
with  liquid.    Suddenly  these  oolls  discharge  their  contents, 

*  **  B<(Jtan  hm  mr  le  moaTement,  ilfeo.,  du  atvio  du  Goldfuwia  aniAoplijIloi," 

^  TAcad.  Bojale  de  Bruielles,  1839,  vol.  xH. 
t  Momn,  **  Rt^'herK-hea  *«r  le  moiivemcnt  ct  rartfttomio  du  Stylidium 
pftminiruliiun."    Mem,  dc  FAcad.  de  Bruxellcs,  t.  xL, 
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And  now  let  me  pass  to  another  group  of  plaBts  which  may  servo 
as  a  contrast  to  StyUdium.  Stylidium  may  be  called  an  out-of-the- 
way  plant.  It  has  an  organiBation  which  ib  not  repFeeenied  in  tho 
European  flora.  The  faioily  of  thi sties,  and  their  allies  the  knap- 
weeds (represented  in  our  gardens  by  the  ladies'  bine-bottle),  all  of 
which  are  common  wayside  plants,  exhibit  eicitable  movements 
which,  although  of  a  very  different  kind  from  those  we  haye  juat 
described,  have,  like  them,  to  do  with  the  visits  of  insects  for  the 
purpose  of  fertilisation.  We  will  now  throw  on  the  scrocn  a  single 
fertile  floret  of  Centaurea  C^anm  (Fig.  5).  The  large  diagram  ehowa 
the  same  tioret  deprived  of  its  corolla^  Its  axis  is  occupied  by  the 
ityle,  surrounded  by  iU  tubo  of  authors.  Below,  the  anther-fllamcuta 
expand  into  a  kind  of  cage^  and  again  approach  one  another,  wh<3n 
they  are  united  with  the  tub©  of  the  oorolla.  At  the  moment  that 
the  anthers  arrive  at  maturity  these  filaments  aro  very  escitahle. 
When  one  of  them  is  touched,  it  oontracta  and  draws  the  style  towards 
itself*  Immediately  afterwards  the  eicifoitory  efeet  spreads  to  tho 
others,  all  Ave  arches  becoming  straight  and  applying  themselves 
ologoly  to  the  style,  A  similar  effect  is  produced  by  an  induction 
shock,  [The  structure  described  was  projected  on  the  screen;  on 
paBsing  an  induction  current  through  it,  the  mode  of  contraction  of 
the  filaments  was  seen*] 

The  mechanism  of  Centaurea  has  been  studied  by  many  plant 
physiologists,  particularly  by  Professor  Ferdinand  Cohn  of  Bre^lau, 
and  more  recently  with  great  completeness  by  Professor  Pfeflor.  It 
has  in  this  reiipect  a  greater  interest  than  any  other —that  the  shorten- 
ing of  these  filaments  in  response  to  excitation  strikingly  resembles 
muscular  contraction.  You  have  here  a  structure  in  ^e  form  of  a 
flattened  cylinder  which  ro&crabloa  many  muscles  iii  form,  the  length 
of  which  is  diminiRhed  by  about  a  sixth  on  excitation,  This  £uper* 
fioial  resemblance  between  the  two  actions  makes  it  the  more  easy  to 
appreciate  the  differences. 

Let  me  draw  your  attention  to  the  diagram  of  an  experiment 
made  last  year,  which  was  intended  to  iUustratQ  the  nature  of  muscular 
contraction,  and  porticnlarly  to  show  that  when  a  muscle  contracts,  it 
does  not  diminish  in  volume.  The  first  diflbrence  between  muscle 
and  plant  is  a  difference  in  the  degree  of  shortening.  A  muscle 
shortens  by  something  like  a  third  of  its  length,  the  anther  filament 
only  by  a  sixth.  But  it  is  much  more  important  to  notice  that  in 
contracting,  the  filaments  do  not  retain  their  volume.  In  shortening, 
they  broaden,  but  the  broadening  is  scarcely  measurable ;  hence  they 
must  necessarily  diiuinish  in  bulk,  and  this  shrinkage  takes  place,  as 
Pfeffer  has  shown,  exactly  in  the  same  manner  as  that  in  which  the 
excitable  cushion  of  Mimosa  shrinks^  namely,  by  the  discharge  of 
liquid  from  its  cells. 

Wo  are  now  in  a  position  to  study  more  closely  the  question  to 
which  I  referred  a  few  minutes  ago — How  do  the  cells  discharge  their 
contents?    The  structure  of  the  filament  of  Gcntaurea,  ^m  its 
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^treme  Bimplicity,  is  b  better  gribject  of  inTastigation  ^itli  reference 
to  this  qtieatioiL,  than  any  otber.  Each  filament  is  a  ribbon  confiiBtlug 
of  (1)  a  single  fibro-vascnlar  bundle,  (2)  delicate  oeUs  of  regtilar 
cflindrical  form,  (3)  an  epidermis  of  some  what  thick- walled  eoUs, 
[Microscopical  prepftratious  were  shown,]  In  Mimosa  we  saw  that 
the  epidcmia  and  vaeoulair  bundle  took  only  a  paesiye  part  in  the 
prodnctioii  of  the  motion »  Here,  the  part  they  play  is  even  lesa 
import&nt,  EverythjDg  depends  on  the  parencbymaj  which,  when 
excite^  shrinks  by  discharging  its  water*  PfefiFer  proved  this  by 
cutting  off  the  anther  tube  from  the  fil&ments,  and  then  observing 
that  on  excitation  a  drop  coilected  on  the  cut  surface,  which  tt-as 
neabsorbed  as  the  filament  again  became  arched.  It  is  obvious  that 
if  the  whole  parenchyma  discharges  its  liquid,  each  cell  taust  do  the 
MBie^  for  it  is  made  np  entirely  of  colls.  To  understand  how  each 
cell  ict%  we  have  only  to  consider  its  structure.  Each  conmsta  of 
two  parte— 'HI  external  sac  or  vesicle^  which  is  of  cellulose,  and,  so 
long  as  the  cell  is  in  the  natural  or  unexcited  etato,  over-distendedt 
«>  that,  by  virtue  of  its  elasticity,  it  presses  en  the  contents  with 
considerable  force ;  and  eeooudly^  of  an  internal  more  actively  living 
membrane  of  protoplasm,  of  which  the  mechanical  function  is,  so  long 
as  it  is  in  its  active  condition,  to  charge  itself  fuller  and  fuller  with 
Hquid — the  limit  to  further  distension  being  the  elastic  envelope  in 
which  it  is  enclosed.  In  this  way  the  two  (the  elastic  envelope  and 
the  protoplaemic  lining)  are  constantly  in  antagoniem,  the  tendency 
of  the  former  boiog  towards  discharge^  that  of  the  latter  towards 
^ftTge.  This  being  so,  our  explanation  of  the  effect  of  excitation  on 
the  individual  cell  amounts  to  this — that  the  envelope  undergoes  no 
change  whatever,  but  that  the  protoplasm  lining  suddenly  loses  its 
waler'Absorhing  power,  so  that  the  elastic  force  of  the  envelope  at 
once  comes  into  play  and  squeezes  out  the  cell-contents.  Cou- 
Beqnently,  althongh  here,  as  every  where^  the  protoplasm  ie  the  seat  of 
the  primary  change,  the  mechanical  agent  of  the  motion  ia  not  the 
protoplafim,  but  the  elastic  envelope  in  which  it  is  enclosed. 

The  complete  knowledge  we  have  gained,  from  our  study  of  the 
anther  filaments  of  Centaurea,  of  the  mechanism  of  the  excitable  plant- 
cell^  can  he  applied  to  every  other  known  example  of  irri to-con trac^ 
tihty  in  the  organs  of  plants,  and  particularly  to  that  most  remark- 
able of  all  such  structure^  the  leaf  of  Dimtxa  musctpula,  Altbough 
I  described  the  structure  of  the  leaf  jmt  eight  years  ago  in  this 
mm,  I  will  occupy  a  moment  in  repeating  the  description.  The 
blade  of  the  leaf  is  nnited  on  to  the  stalk  by  a  little  cylizidrical 
joint.  Here  ate  two  models,  in  one  of  which  the  leaf  is  represented 
in  its  closed  state,  in  the  other  in  which  it  is  in  its  unexcited  or  open 
ttate.  The  leaf  is  everywhere  contractile  ^ — that  is,  excitable  by 
tfansmission,  bat  not  everywhere  susceptible  of  direct  excitation — or, 
b  coraiiion  language,  sensitive.  It  is  provided  with  special  organs, 
nf  which  we  do  not  find  the  counterpart  in  any  of  the  plants  to 
which  reference  has  been  made,  for  the  reception  of  ezternal  impres- 
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aiona— OTgBiiB  which,  from  their  stmcturo  and  position,  can  havo  no 
Cither  function* 

The  action  of  tbo  leaf  to  which  the  plant  owes  its  name  and  hy 
which  it  seizes  its  prej,  is,  in  its  general  character,  too  well  known 
to  require  description.  In  the  shortest  poBsible  terms,  it  is  the 
sudden  change  of  the  outer  mirface  of  each  lobe  of  the  leaf  from 
conTei  to  concave,  and  at  the  same  time  the  crossing  of  the  two  eetiea 
of  marginal  hairs,  as  the  iingerg  cross  when  the  hands  are  clasped^ 
What  I  desire  to  show  with  respect  to  it  is,  that  here  also  the  agents 
are  indiyidnal  cells— that  is,  that  the  individual  elements  ont  of 
which  the  whole  stinctare  is  built  are  the  immediate  ^ants  in  the 
production  of  the  movement. 

A  croSB-Boction  of  the  leaf  shows  the  following  facts :  If  the 
section  be  mode  in  the  direction  of  the  parallel  fibro* vascular  bundles 
which  run  out  from  the  mid-rib  nearly  at  riglit  angles,  and  happen  to 
include  one  of  these  bundles,  it  is  Boen  that  it  consists  of  thre«  I^i^ 
viz.  of  tho  fibro-vB&ciilar  bundle  in  the  middle  and  equidistant  from 
both  borders ;  of  the  eylindrieal  cells  of  the  parenchyma  on  either  side, 
and  of  an  eactcmal  and  internal  epidermis.  The  oitemal  opidermis 
is  smootb  and  glistening,  and  its  cells  possess  thicker  walls  than  those 
on  the  opposite  surface. 

The  most  remarkable  feature  of  tho  Internal  surface  is,  that  it 
the  eieiU»ble  haire,  three  on  ooch  side,  which  in  Diontea  are 
the  stiirting-points  of  the  escitatory  process  wheoever  it  is  stimulated 
by  touch,  as  is  normally  the  case  when  the  leaf  is  visited  by  iuseets; 
for  experiment  shows  that  although  the  whole  of  the  loaf  can  bo 
excited  either  by  pressure  or  by  the  passage  of  an  induction  current, 
the  hairs  esclusively  ore  excited  by  touch.  It  is  therefore  of  great 
intereat  to  kuow  their  structure  and  their  relation  to  the  excitable 
cells  of  tho  parenchyma,  with  which  they  are  in  so  remarkable  a 
relation  physiologically.  In  ecctions  such  as  that  which  w©  will  now 
project  on  the  screen  (Fig,  6),  it  is  seen  that  each  hair  springs  from 
a  cushion  which  consists  of  minute  nucleated  cells  inclosed  by 
epidermis ;  and  that  if  we  follow  this  structure  into  the  depth  of  the 
leaf,  its  central  cells  gradually  become  larger,  until  they  are  io- 
distinguish  able  from  those  of  the  ordinary  parenchyma  of  tho  loaf 
By  these  cells  it  must  be  admitted  that  the  endowment  of  excitability 
is  poBsessod  in  a  higher  degree  than  by  the  ordinary  cells  of  tho 
parenchyma,  so  tbat  for  a  moment  one  is  tempted  to  assign  to  them 
functions  corrORponding  to  those  of  motor  centres  in  animiU  structures 
(particularly  in  the  heart)*  There  is,  however,  no  reason  for  attri- 
buting to  them  endowments  which  differ  in  kind  from  those  we  have 
already  assigned  to  the  excitable  plant-celh 

The  fact  that  tho  excitable  organs  are  exclusively  on  the  internal 
surface  of  tho  lobo^  suggests  that  although  tho  parouchyma  of  tho 
imide  has  apparently  the  same  structure,  it  hns  not  tho  same  function 
as  that  of  tho  outside — that  is,  that  although  the  cells  of  the  outer 
layers  are  just  like  those  of  the  inner,  they  arc  either  not  oxeitablo 
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at  ail,  or  aro  ao  in  a  mncb  I&bb  degree.  In  this  way  only  can  we 
aecotml  for  iho  bondiog  inwards  of  tho  lobo.  In  tUe  uueicit^  Btate 
boUi  kyare  are  equally  turgid;  as  tho  oSect  of  excitation  tha 
istanial  Uyers  beootue  ump,  Uie  external  remaining  tenso  and  die- 

I  will  now  endoavoiir  to  illuBtrate  the  motionB  of  the  leaf  by 
prcyecting  them  on  tlie  Bcreen.  Here  are  several  leaves  which  have 
hem  prepared  bj  attaching  one  of  the  lobes  to  a  cork  support ;  the 
oUier  is  free,  but  a  very  small  concave  mirror  has  been  attached  to 
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TfMisiTem  ■Mtioa  of  1ob«  of  leaf  of  DiDssa  compniiEi^  th«  root  of  a 

f^EtBitive  hair.. 

ili  external  surface  near  the  margin.  The  image  of  the  light  which 
bill  on  the  mirror  is  reflected  on  the  wall  behind  me.  In  this  way 
llift  ilightest  movement  of  the  lobe  is  displayed.  By  this  contrivance 
I  wish  to  show  yon  two  things — first,  that  a  very  appreciable  time 
between  the  excitation  and  the  mechanical  eSbct ;  and 
atoundly,  that  when  the  leaf  is  subjected  to  a  sertofi  of  very  gentle 
asiettatioua,  the  effects  aoeumulate  until  the  leaf  cloeee.  This  we 
hofm  lo  allow  by  bringing  down  a  cfiiuel-hair  pencil  Roveral  times  in 
w&eemmo&  &a  a  fiensitivo  hair,  doing  it  so  deftly  that  at  tho  Erst  touch 
tbe  lobe  will  scarcely  move  at  alU  At  oacli  eucccssivo  touch  it  will 
tend  more  than  at  Ibe  preceding  one,  until  you  8^  the  lever  suddenly 
riiB,  indicating  that  the  leaf  has  elo»^.  The  purpose  which  I  have 
in  liew  tm  to  demonstrate  the  coutrast  between  the  motiun  of  the 
leaf  ftod  ifiOflcular  oontra4!.tion.  A  miigelc  in  contracting  acts  as  one 
Vau  X.    (No,  75.)  M 
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organ — at  once.  The  motion  of  the  loaf  is  the  result  of  the  action  of 
many  hundred  independent  celle,  all  of  which  may  act  together,  but 
may  not.  In  either  case  they  take  a  great  deal  longer  to  think 
about  it ;  for  diirmg  a  period  after  excitation,  which  amomits  at 
ordinary  summer  temporaturo  to  about  a  eecondj  the  leaf  remains 
abaolnte]y  motionlesB. 

And  now  we  have  to  inquire  what  happoni  dnriDg  this  period  of 
delay.  There  are  two  things  which  we  may  assume  as  certain  without 
further  proof,  namely,  first  that  something  happens — for  when  I  see 
a  certain  movement  followed  after  a  time  invariably  by  another,  1  am 
quite  snro  that  the  chain  betn'een  cause  anJ  effect  £a  a  continuous 
one,  although  the  links  may  be  invisible ;  and  eccondlj,  that  this 
invisible  change  has  itg  seat  in  the  protoplasm  of  each  of  the  exoitable 
cells. 

We  have  aln^y  eeen  that  in  muBcle  this  latent  state  of  oi cita- 
tion is  not  without  its  concomitant  sign — the  excitatory  electrical 
disturbance ;  and  1  have  now  to  show  you  that  this,  which  is  the 
sole  physical  characteristic  of  the  excitatory  process  in  animal  tissues,  | 
manifests  itself  with  oq^ual  constancy  and  under  the  same  conditions 
in  planta. 

It  will  be  unnocessary  for  my  present  purpose  to  enter  into  any  ' 
details  as  to  the  nature  of  the  electrical  change  ;  it  will  be  sufficient 
to  demonstrate  with  respect  to  it,  first,  that  when  observed  under 
normal  physiological  conditions,  its  phenomena  are  always  conform- 
able to  certain  cosily  defined  characters  ;  Eecondly,  that  it  culminates 
before  any  mechanical  effect  of  excitation  is  observable,  and  coQ- 
sequeDtly  occupies,  for  the  most  part,  the  period  of  latent  excitation 
already  referred  to ;  and  thirdly,  that  it  is  transmitted  with  extreme 
rapidity  from  one  lobo  of  the  leaf  to  the  opposite.    Of  these  three 
propositionB,  it  will  be  oouvemcnt  to  begin  with  the  second*    On  the 
left-hand  screen  is  projected  the  mercurial  column  of  the  capillary 
electrometer  of  Lippmann.    The  instrument  which  we  use  this 
evening  is  ono  of  groat  souBibility^  given  me  by  my  friend  Profeseot  i 
Loven,  of  Stockholm.   The  capillary  electrometer  possesses  a  property 
which  for  onr  purpose  is  invaluable— that  of  responding  instan* 
taneously  to  electrical  changes  of  extremely  abort  duration.    We  ] 
cannot  better  illustrate  this  than  by  connecting  the  wires  of  the 
telephone  with  its  terminals.     If  1  press  in  the  telepb one-plate  { 
I  produce  an  instantaneous  difference  between  the  terminals  in  one  j 
direction,  and  iu  the  opposite  when  I  remove  the  pressure.    You  see 
how  beautifully  the  mercurial  column  responds,  | 

We  now  proceed  to  connect  the  terminals  with  the  opposite  sides  i 
of  a  leaf,  so  that  by  means  of  the  mirror  we  can  observe  the  moment  ' 
at  which  the  leaf  begins  to  close  and  the  first  movement  of  the  I 
mercurial  column,  both  being  projected  on  the  same  screen.  We 
shall  see  that  the  mercurial  column  responds  (so  to  speak)  long  before  ^ 
the  nurror.    The  difference  of  timo  will  be  about  a  second* 

We  now  take  another  leaf,  whichj  with  the  plants  of  which  it 


1882,] 


on  the  ExdiabilUy  of  FlanU. 


163 


forms  part,  ia  contamed  in  this  little  atoT©,  &t  a  temperature  of  about 
32^  C.  Our  object  being  to  Bubject  tbo  leaf  to  a  succeBsion  of 
excitations,  the  effect  of  which  would  of  course  be  to  detormin©  ita 
doeorej  we  provent  this  bj  placing  a  little  beam  of  dr/  wood 
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Diagram  of  ideal  iranitTerM;  wctba  of  Uminft 
«f  l»af  of  CHoniDa.  Tkc  needle  cnclfMed  m  a 
cif-d<  r«pr«:s«iitd  the  electi-cniJ«ler»  which,  in 
Ihe  «ip«nm«ni  described,  iru  sttbtititutH  for 
tht  gftW,uioiTHfti?r.  On  the  opposite  side  is 
ftfaovQ  the  sectitidftrf  c<^l  of  th«  IndQetoriuin, 
m  U  in  coaaection  with  the  capillarj,  /  with, 
the  fulphuric  acid  of  the  electrometer. 

across  it,  and  fixing  the  ende  of  tho 
beam  with  plaster  of  Pii^ii  to  the 
mafgitial  hairs  of  each  lobe.  At  the 
same  time,  wedges  of  plaster  are  intro- 
dnced  in  the  gap  between  the  lobes  at 
either  end  of  the  mid-rib.  [The  leaf 
BO  fixed  was  projected  on  the  screen 
(Fig,  7),]  This  haying  been  done,  wo 
can  escito  the  leaf  anj  number  of  timen 
without  its  moving ;  and  we  know  tlmt 
we  actnaUy  excite  it  by  observing  the 
MM  dbe^cal  effect  which^  in  the  first  leaf  experimented  on,  preceded 
d«  movement  of  the  lobe. 

And  now  I  beg  jou  to  notice  what  the  natnre  of  the  experiment 
i&  The  diagram  (Fig.  8)  shows  tbo  position  of  the  electrndefi  hy 
vikii  tho  opposite  surfaces  ape  connected  with  the  termiDala  of  the 
ilwetraiietcr.  Ton  will  notice  that  tboy  are  applied  to  opposite 
of  the  intemal  and  external  surfaces  of  the  right  lobe,  and 

M  2 


ptvriat  its  tiotmg. 
s  piuatafrafili,) 


to 


(From 
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tbat  the  l&ft  lobo  is  excited.  The  experimeiat  oonstBts  in  this :  "By 
tho  electrodes  near  r,  an  i  ml  action  shock  paseee  through  the  right 
lobe-  Apparentlj  at  the  same  moment  the  electrometer,  which  i&  in 
relation  with  the  opposite  lobe,  responds,  I  Bay  appareutljj  because 
in  reality  we  knf>w  that  the  response  does  not  begin  until  about 
of  a  second  later.  We  proTe  this  by  a  mode  of  experimentatioa 
which  IS  of  too  delicate  a  nature  to  bo  repeated  here,  I  will  e^tplain 
the  mode  of  action  of  the  instrument  used,  by  a  diagram  (Fig,  9) 
which  reprofionts  a  pendulum  in  the  act  of  swinging  from  left  to 


Fro.  9. 


Uiit^rnm  dl'  the  ijeddulum-rheotinnfi.  A\,  nnd  A',  are  the  keys  i  -  ;  ,  ;  i  .. 
L  nDd  II  ropi'««Dt  r*speaiv€lj  the  primnry  nad  iccondiiry  coibof  the  iadnctoriaffip 
The  Itaf,  galvanometer,  battery,  &c.,  will  be  eoail^r  rocognis^sd. 


right.  As  It  does  eo,  it  opens  in  succession  thro©  keys,  of  which4he 
first  IB  interpoktod  in  the  primary  circuit  of  the  mdaction  apparatus 
which  fierres  to  excite  the  loaf;  the  second  breaks  a  derivation  wire 
which  shortH^itcuits  the  electrodes,  so  that,  so  long  as  it  is  doaed,  no 
current  piissea  to  the  galvanometer,  wfiich  in  this  experiment  takes 
tho  place  of  the  electrometer ;  while  the  third  breaks  the  galvano- 
inetrio  circuit.  Consequently  the  oppoeito  siirfacos  of  tho  leaf  are 
m  communicatif>n  with  the  galvanometer  only  between  the  opening 
of  the  sec^ind  and  third  keys.  These  three  keys  can  be  placed  at 
any  dettired  distance  from  one  another.  If  they  are  so  placed  that 
the  galvanometer  circuit  is  closed  of  a  second  after  excitation, 
and  opened  ^  of  a  second,  and  it  is  found  that  there  is  no  effect, 
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it  is  certam  tbat  the  electrical  dielnirbance  does  cot  begin  at  the  i»art 
of  the  leaf  wMck  is  interpolati^  between  the  galvanometer  electrodee 
nntU  at  l^st  of  a  second  after  the  excitntion.  If,  on  extending 
the  period  of  closure  to  ^  secoad,  the  offcet  becomes  ob- 

ierrable,  ^on  are  certain  that  the  diBturbauce  begind  between  three 
MXid  four  hundredths  of  a  eecond  after  exeitatioti. 

By  this  method  we  bAve  leamt,  first,  that  even  when  the  seat  of 
excitation  is  m  near  as  possible  to  the  led-olf  spot,  there  m  a 
measurable  delay,  and  gecondlj,  that  its  duration  varies  with  the 
ditftance  which  the  excitation  effect  has  to  travel  so  as  to  indicate 
that,  in  a  warm  stove,  the  rate  of  traosmission  in  something  like  200 
miHimeters  per  second.  It  19,  conBequently^  comparable  with  the  rate 
of  tmiamission  of  the  excitatory  electrical  distnrbatioe  in  the  heart  of 
the  &og. 

And  now  I  come  to  my  last  point,  namely  that  tho  electrical 


C*?pf  of  photoen4t»b  of  the  c-i.  ,       .      i'  the  cipillary  L-lecti-omaler  fu  projiji'ted  oti  i 
■  '    moTiDg  at  tile  r.iU'  uf  |  ceDtiinet«r  j)er  sei^otid,    The  fuur  **  cscitft- 

**  ihowii  wer«  dnc  to  as  TDnny  tuncbea  of  a  senKitiire  hmv  of  the 
1  i.      .  to  that  of  trbich  the  oppoijite  surfaces  were  cotuiected  with  the 
lenauuli  of  tkt  imtmment. 

Tcm  bave  already  aeen  that  when  the  method  used  is  that  which  I 
haT«  iodicfltetl,  the  electrical  eflfect  consists  of  two  phases,  in  the 
tel  gf  which  the  external  surface  of  the  leaf  becomes  negative  to 
m$mmL  I  will  now  exhibit  this  in  another  way.  Many  preseDt 
hm  probably  seen  in  a  recent  number  of  Nature  roprodiictitms  of 
filiiolocrapiis  recently  taken  by  M,  Marey,  of  the  phases  of  the  flight 
t'f  birds.  If  the  movement  of  a  bird's  wing  can  be  photographed,  you 
will  oaiily  imagine  that  we  can  also  obtain  light- pictures  of  such  a 
monnmLt  m  that  of  the  electrometer  column.  You  have  only  to 
il&agiad  *  sensitive  plate  moving  at  a  uniformly  rapid  rate  taking 
ti«  pkee  of  the  screen,  and  you  have  as  tho  result  the  photograph 
{fig,  10)  which  I  show.  Uere  are  the  electrical  effects  of  sovcral 
Mmive  excitatiotis  recorded  by  light  with  unerring  exactitude 
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In  each,  ttia  diphasic  chBxaeter  is  diBiinct,  and  yoa  see  that  tlie  first 
or  ELDgative  pbaea  lasts  less  than  a  second,  but  that  the  positive,  of 
wbicli  the  extent  is  mucli  less,  is  so  prolonged  that  before  it  has  had 
time  to  swbaide  it  is  cut  off  by  another  excitation. 

It  would  have  been  gratifying  to  me,  bad  it  been  possible,  to 
exhibit  to  you  other  interesting  facta  relating  to  the  excitatory  procees 
in  our  leaf.  It  has,  I  trust,  been  made  clear  to  you  that  tbe  mecAa«i«ii 
of  plant  motion  ia  entirely  different  from  that  of  animal  motion. 
But  oti^ious  and  well  marked  aa  tbie  difibrcne©  is,  it  is  nevertbelesB 
not  ais&Dtialf  for  it  depends  not  on  difference  of  quality  between  the 
fhndamentftl  chemical  processes  of  plant  and  animal  protoplasm,  but 
merely  on  differcuco  of  rate  or  intensity.  Both  in  the  plant  aud  in 
the  animal,  work  springs  out  of  the  chemical  traosformation  of 
material,  but  in  tbe  plant  the  process  is  relatiYoly  so  slow  that  it 
must  ueceesarily  store  up  energy,  not  ia  the  form  of  chemical  com- 
poniids  capable  of  producing  work  by  their  disintegration,  hut  in  the 
mechanical  tension  of  elastic  membranes.  The  plant*cell  uses  its 
material  coniinnalhj  in  tightening  springs  which  it  has  the  power  of 
letting  off  at  any  required  moment  by  virtue  of  that  wonderful 
property  of  excitability  which  we  have  been  studying  this  evenings 
Auiiual  contractile  protoplasm,  and  pai-ticularly  that  of  muscle,  does 
work  only  when  required,  and  in  doing  soj  uses  its  material  directly. 
That  this  differeoce,  groat  as  it  is,  is  not  essential,  we  may  leam 
further  from  the  consideration  that  in  those  slow  motions  of  the 
growing  parts  of  plants  which  form  the  subject  of  Mr.  Darwin's 
book,  *  On  the  Movements  of  Plants,*  there  is  no  such  storage  of 
energy  in  tension  of  elastic  membrane,  there  being  plenty  of  time 
for  the  immediate  transformation  of  chemical  into  mechanical  work. 

I  hftve  now  tjoncluded  all  that  I  have  to  say  about  the  way  in 
which  plants  and  animals  respond  to  external  infliieocea.  In  this 
evemng*s  lectori  you  have  Bcen  exeniplified  the  general  fact,  applicable 
alike  to  the  physiology  of  plant  and  animal,  that  whatever  knowledge 
we  possess  has  been  gained  by  exj>eriment.  In  speaking  of  Mimosa, 
I  might  have  entertained  you  with  the  ingenious  conjectures  which 
were  formed  as  to  its  mechanism  at  a  time  when  it  was  thonght  that 
we  could  arrive  at  knowledge  by  reasoning  backwards  — tliat  is,  by 
inferring  from  the  structure  of  a  living  mechanism  what  its  functioii 
is  likely  to  bo,  In  certain  branches  of  physiology  something  has 
been  learnt  by  this  plan,  but,  as  regards  our  present  investigation, 
almost  nothing,  nor  iodeed  could  anything  have  been  learnt.  Every- 
where we  find  that  nature's  means  are  adapted  to  her  ends,  and  the 
more  perfectly  the  better  we  know  them«  But,  with  rare  exceptions, 
knowledge  is  got  only  by  actually  seeing  hot  at  work,  for  which 
purpoBc,  if,  as  constantly  happens,  she  uses  eonoealment,  we  must 
tear  off  the  veil,  as  you  have  seen  this  evening,  by  force.  Have  we 
the  right  to  assume  this  aggressive  attitude  ?  Oaght  we  not  rather 
to  maintain  one  of  reverent  contemplation — waiting  till  the  truth 
comes  to  us? 
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I  will  not  atfcempt  to  otiBwer  thi&  qmestioti,  for  no  tboughtful 
pei*soti  ever  asked  it  hi  eomef^i*  Atiotlier  question  lies  beliind  it,  wliicli 
is  a  deeper  and  much  older  one.  Is  it  worth  while  ?  Is  tbe  knowledge 
we  seek  worth  haying  when  we  hnve  got  It?  Notwithstanding  that 
■o  receotlj  aren  tho^  who  are  least  oonversant  with  our  work  huve 
been  compolled  to  iickijowledgo  tho  beauty  and  completoneas  of  a 
lifjB  devoted  to  biological  studies,  still  the  question  is  pressed  iipon  ns 
©very  hour — How  can  yon  think  of  spending  days  in  striving  to 
natmvel  the  mechanism  of  a  leaf,  when  you  know  all  the  ttme  that 
if  there  were  tio^  euch  thing  as  Dionsea,  the  worhi  would  not  be  loss 
nrtQonB  or  less  happy  ?  This  question  like  the  other  I  willingly  leave 
to  those  who  pnt  it  From  their  point  of  view  it  docs  not  admit  of  au 
■imrer ;  from  mine  it  does  not  retpire  one.  They  mtist  go  on  seeking 
for  mud  finding  virtue  and  happiness  after  their  fashion ;  we  must  go 
m  after  oore,  striving,  hy  patient  e on ti nuance  in  earnest  work^  to 
laam  year  hj  year  some  new  truth  of  nature,  or  to  understand 
iome  cdd  one  better.  In  so  doing,  we  believe  that  wo  al^o  have  oiir 
70wazd* 
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BemhoM  SdueoHon  Societ/9  Frrw— Report  on  the  Ctmtm  of  Burar,  1881.  By 

BnteeeXKitta.  foK  1882. 
MM  M^MeU,  Ra^  ImUluU  o/-Pro0e^ngi,  1881-2,  K08.  18,  10.  lSS2-3t 

Hal.  i&X 

1881-a.    4to,  188^ 
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BueMer^  George^  Em.  (the  Aidhoty^Do]chestet  Onetle,  Foaiih  Seetion.  S?o.  1683^ 
ChamcoH  Sod^y—Joutuik}  for  Julj-Oct.  1882.  8to. 

CivU  Erndteeri^  In$titution—Umn\m  of  Prooeedlzigs,  Vols.  LXYIII.  LXIK,  Sto. 
1882. 

OocknuiJcer*'  Company—Some  Aconntit  of  tbo  Worahipful  Companj  of  dook- 
makera.  Bv     E  Atkins  and  W.  H.  OveralL  8vo.  1881.  (Piiviitely  Printtxl.) 

CTup,  Fratilc,  Enq,  LL.B.  F.L.S,  Ac  M.R.I,  {the  Miior)— J owmaX  of  the  Boyil 
MicrtJBrapioal  Society,  Serieg  II.  VoL  II.  Parts  4,  5,    8to.  1882. 

Dax:  8tjGiii€  de  Borda — BulJetma,  2»  Serie,  Beptietne  Autule:  Trim^tfe  %  S. 
Svo.  1882. 

DeBontkire  Attoeiatim  for  the  Admtuiemmt  of  Science,  lAteraiurej  and  Ari^Uepoti 

Bud  TrftDflaotioim,  Vol.  XIV.   8vo.  1882. 
Dialetiicid  Sodetyj  LondoTi—QmiitGtlj  Journal  of  TransactiQai,  Hoe.  1  ftod  2, 

8yo.  1883. 

End  India  Anociaiion — Joainal,  Vol.  XIV.  No.  3,  8to.  1882. 
^ffora— American  Journal  of  Scienoe  for  Julj-Oct  1882.  Sto, 

Aaalyat  for  Jaly-Oct.  1882.  Svo. 

A  tiienBeum  for  July-Oct  1882,   4  to. 

Chemical  News  for  Julj-Otit.  1SH2.   4 to. 

Engineer  for  July^Oct.  1882.  foL 

Hoiological  Journal  for  July-Oct+  18S2,  8vo. 

Iron  for  July-Oot,  1882.   4 to. 

Nature  for  Jiily-Oct.  1882.  4ta 

R«vue  Soienlifique  and  Revue  PoHUque  et  Litt*Siaije  for  Jnly-Oot.  1882.  4tQk 
Telegmphic  Journal  for  JuIj-OpL  18H2.  fol. 
Evans,  John,  Enq.  BCL.  LLJk  i?". J?. jS,  {£ftajluiAor)— Unwritten  EUtory,  Mid liow 
to  re^d  it.   A  Lecture  at  the  BritUb  Association,  Southampton,   8m  lS8t. 
JVanMin  Institute— iQ^xrafi\,  Noe.  679,  G80,  GSI,  682.   Bvo.  1882. 
Q&ogfaphioal  Society,  iJowai— Prixseedinga,  New  Befies,  Vol.  IV.  No*.  7-11,  8wl 
1382. 

Supplera  cBtary  Pape  rg.  Vol .  I.  Part  1 .  8f o.   1 882 . 
Geoiagiml  5bci<i/i/— Quiirterly  Jouriml,  No.  151.    Svo,  1882. 
Gla^jow  Phihfitojfhicid  Society^-Vroct-edings,  Vol.  XIII.  Nv.  2.    8v0.  1882, 
Jroii  and  Steel  Indiivt^-^f>UTJiB\  for  18it2,  Fart  1.    8vo,  1S82, 
LHwnfeUi, FatU v.{the  Author} — Gedonken  uW die  Social wia^uBchaft  der Zukunfl, 

Theii5.   Svo.  1881, 
Linnmn  ^DCM/y— Traoaftctiona,  2nd  Bor,  Zoology,  VoL  II*  Part  5.   ilo.  1S82^ 

Jwurnal,  No«.  94,  95,  121.    Svo.  1882. 
Lengmans,  Green  d:  Co.  {the  Publu^er*) — Longman^B  Maginine,  No.  1,  8to.  1S82. 
Madras  JAtenrnj  Society — Madras  Jeurtial  of  Literaiui<3  and  Bcieut^  for  1881, 

Svo*  1832. 

Mancfie$ter  Geobogiml  Sticirfy— TraiiBftCtiona,  Vol,  XVI.  Parti  16,  17,  18.  8m 
1882. 

Maryland  Medial  and  Chimrgical  Ftwuily— Tmaaactlona,  84th 
1882. 

Mmhanical  Engmem-a*  Jna/tf«t«o»— ProeeeiliogB,  No.  2.    Svo,  1882. 
Mtdkal  and  Chirurgical  .*u«ic*(^— Proceedings,  Part  55.    8vo.  1882. 
Meteorological        — Report  on  Galea  in  the  Ocean  District  adjacent  lo  the  G»pd 
of  Good  Hope.   4 to.  1882. 

Comintinicatiorti  from  the  Intemationftl  Polar  CommtautoD,  Fart  3.  4to» 
St  Petersburg,  1882. 

Report  on  the  Storm  of  October  13-14, 1881.    8vo.  1882. 

Mfiteorologicsl  Observations  at  StutiooB  of  the  Second  Order  for  1 879.  4  to.  1882. 
Meieorolngical  fibcie*'^— Quarterlv  Jounnd,  No.  13.    8vo.  1882. 

Tbe  Meteorological  It^x^rd,  No.  5.    Bvo.  1882. 
JIfiwira I  j4#«wifti*ofl— Proceedings,  1881-2.    8vo.  1882. 

Nuttoital  Attociatim  for  Social  ATfjienr^Proceedings,  VoL  XV.  Na  8.  8to,  tiSS. 
Norfolk  and  Normch  NatuTalistt'  Socititf^TnsmciiooE,  VoL  Ul,  l*ftii  3w  Sfo- 
1882. 


im±]  General  Monihly  MeeHiiif,  171 

NmlktmMattd,  The  Btths  o/,  D,OX.  LLM,  M.R.L—'DmstlpiU^  Oatiilogae  of 
Antiqnitlev  at  Mnwiok  OMtle.  4tOL    1880.  (Pnv»tf^ly  Fribt^d.) 
Gilalogi]«of%Tptka  Antiqiiltieflat  AlnwiokCaitb.  ByB.fiiroli.  4to.  1S80. 
(PiifKtelv  Pnoted.) 

If— ifiiilfj  £bet«ty— NumiamatiD  OhrouiclQ  and  Joumiih    3rd  Series.  No. 
8to.  1882. 

P«rry,  JZa.  ^.     FM.S.  {the  Author} — BeEnlta  of  Heteofologioal  and  Magnetieal 

Obserratj  one,  Stotiyh  urs  t,  18S 1 .    1 2mo,    1 882. 
jF%amaaeu/real  Soeiti^  of  Great  BrUatn — Joumul,  Julj-Oct.  1862.  Sro. 
rhatograpkie  Sodeiy^Joumsl,  New  Sfirica,  Vol  VI.  No.  9,  aad  VqL  VJX  No.  1. 

ffcynoa  SoMp  of  Xond&n-^PpoceedingB,  VoL  V.  Pftrte  U  2,    Svo.  18*2. 
JVnMcie  JJu&nte  der  TFiMffiwe/Wi/^en— Sitziingfiberichte,  XVIU.-XXXYIIL 
4l0L  1883. 

Bniiiif,  if.— Sdetitific  Boll,  No.  8.    Svo,  1S82. 

Ifoyol  CoBe^e  of  ^ttr^^eon*  o/  J^n  ^Imui—  CalLndar.    8 vo.    1  S$2. 

J^ai  SbetWy  o/  I/ftCT-alure— TraTiBfttftioDB,  Vol  XI L  Part  3,    8m  1BB2, 

Mtfful  BodtJy  of  tondtm^pToce^'mg^,  Nos.  220,  221.    8yD.  1882, 

StMf  of  ^rU— Jottnml,  Julj-Oct.  1882,  8vo. 

Pefer,       F,L  8.  MJLL  {the  ^uMor)— Companion  to  the  Britiak  Phar- 

w^m^  IStbed.   8to.  18S2. 
JMCiaoI  &i«£%^otinial.  Vol.  XL V.  Partd  2,  3.    8vo.  1882. 
BL  Pitm^ra^  Aeadimin  dts  ^i>fu»«— Msmuiri^ii,  7"  BM&y  Tome  XXX.  Nd6.  3,  5. 

4tc).  18&. 

fialktin,  Tcone  XXYIII,  No.  2.   4to.  ieS2. 
Sifmems^  Q,  X  Eiq.  (the  Compiler,  ^E^.^-Briiiflh  Bnmfall,  1881.  Bvo,  1882. 

Mu&tblj  MeteorDlogleal  Muga^ioe,  Jiilv-Ot^t  1882.  8vo. 
rafMMi  Iktyol  StKietif—  Report  Tor  1 880.    Sto,    1 88 1 . 
TJ^mk  ^nginm,  Sodektf  o/— Jounial,  Vol,  XI.  No,  43,   8vo.  1882. 
ftdf.  d  M^ymott^  Etq,  M^,  F,€.S,  MM,L  (eAo  i4uiAor)-Legiil  Medicine.  Part  I. 
Sto.  1882, 

Tdkiff  l7jMWt»V|r— Memoirs.  Ntfflu  6,  7,  8,   4to.  1882. 

Twkmtgt  Th&mof^  Etq.  M.RJ.  (the  JufW)— Famili&r  Leasona  on  Food  and 

NutHlion.  Part  1.    UJmo.  1K82. 
TfndaB^ohn,        DXM  FM.S.  ALR  L  ((A*  Author}— Actioa  of  Free  Moleculea 

csn  Eiiijftiit  Heat,  and  its  CiinTeraion  tharebj  into  Sound,  (^hii.  Tmna.  1882.) 

4(0.  1882. 

Mbd  Serviee  Indiiution,  Hoya?— JoutdaI,  No.  116.    8fO.  1882. 
Vpmt  {7a#MrMJy— Nova  Aota,  Ser.  III.  VoL  XI.  Faso.  1.    4to.  1882. 
Vtr^mM  am-  Befordgrxtng  det  Qewerhfl^Um^  in  Prt^M««ea— Verbaudtuogen,  1882: 
No».6;7.  4to. 

Tieturin  Jonruftl  of  Tiaoitactiona,  No.  C2.    8to.  iaS2. 

Kneridnd  FtMic  Lihrtity^       Trmt^  of  Wie^Catalogne  of  the  PubUo  Library  of 

Vu^tona.    2  Tola.    8to.  Ig^K). 
Wiid.  I>r,  il.  {Out  i><m:iw)— Aonalen  de«  Physikaliacben  Ccntral-ObflerratorinmB, 

J881,  Tfc«UL   4to.  1682. 
Mofienl  Buei^t^Vtn^sf/s^ivi^^,  18S2,  FarU  2, 3.   8vo.  1882. 
T^ttnMt^tloita,  V  ol  XL  Fart  7.   4io.  1882. 
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Oenerdl  MontUy  Meeting. 


[Dec.  4, 


GENEBAL  MONTHLY  MEETING, 

Monday,  December  4, 1882. 

Geobgb  Busk,  Esq.  F.RS.  Treasoier  and  Vice-Preeident,  in  tlie 

Chair. 

Acheson  George  Bartley,  M.D.  M.A. 
David  Edward  Hughes,  Esq.  F.B.S. 
George  Law,  Esq.  F.R.G.S.  F.Z.S. 

were  elected  Members  of  the  Boyal  Institution. 

Five  Candidates  for  Membership  were  proposed  for  election. 

The  following  Lecture  Arrangements  were  announced : — 

PBOFE880B  Ttndall.  D.O.L.  F.B.S.  M,B.LSlT  LooturM  (adapted  to  a 
Juvenile  Auditory)  on  Lioht  asd  the  Ets;  on  Dec  28  (Thuraday),  Deo.  80, 
1882;  Jan.  2,  4,  6,  9,  1883. 

William  Crawford  Williamson,  Em.  F.B.S.  Professor  of  Botany,  Owens 
College,  Manchester. — ^Five  Lectures  on  Thk  Pbdlbval  Anoestobb  or  Existino 

YSGETATION,  AND  TBKIB   BXABINO   Y7P0N    THE    DOOTBINE   Or  EVOLUTION.*  On 

Tuesdays,  Jan.  16,  23,  80,  and  Feb.  6, 13. 

BoBEBT  Stawell  Ball,  Esq.  LL.D.  F.B.S.  Andrews  Professor  of  Astronomy 
in  the  Uuiversity  of  Dublin,  and  Boyal  Astronomer  of  Ireland.— Four  Lectures 
on  The  Supbemb  Diboovebies  in  Aotbonomt;  on  Tuesdays,  Feb.  20,  27,  and 
March  6, 18. 

Pbofebsob  Dewab,  M.A  F.B.S.  MM.I. — Nine  Lectures  on  The  Speotbosoofe 
AND  ITS  Apfligations  ;  on  Thursdays,  Jan.  18  to  March  15. 

B.  BoewoBTH  Smith,  Esq.  M.A. — Four  Lectures  on  Episodes  in  the  Lite  of 
Lord  Lawbenob;  on  Saturdays,  Jan.  20,  27,  and  Feb.  8, 10. 

WiLUAM  H.  Stone,  M.D. — Three  Lectures  on  SiNOnia,  Speaking,  and 
Stahhebing  ;  on  Saturdiiays,  Feb.  17,  24,  and  March  8. 

H.  Heathoote  Statbam,  Esq. — Two  Lectures  on  Music  as  a  Form  or 
Abtifho  Expbession  ;  on  Saturdays,  March  10, 17. 

The  Pbesentb  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

The  Lordi  of  ihe  ildintfotttf— Nautical  Almanac  for  1886.   8vo.  1882. 
The  Govemor-Oeneral  of  ImWo— Palaeontologia  Indioa :  Series  IL  Vol.  XL  Parts 
1-3.   fol.  1881-2. 
Memoirs,  Vol.  XIX.  Fart  1.   8vo.  1882. 
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l^rMfttml  Boeiei^  0/  BngUmd,  ^ol— Journal,  No.  XXX  YI.  t^art  2.  Sva  1882. 

Agbvmomimt  Soei^it/^  Jlo^^— Monthly  Notice^  VoL  XLO.  No.  9.  8to, 

JMe,     ^.  £«9-  r,GS.  (the  Author}— Adih^  to  the  Norwich  Gtologtc&l  8«oi«tj, 

Jbcnl  of  Tnuie— Bdport  oti  Weigh  ta  adJ  M^mir^.   fot  1882. 

JHIM  Afd^itedt^  Roval  la^Uute  o/— Pfoc^edliiRS,  I882-a,  Nos,  2,  3.    4 to. 

IM«Hif  Aimndm-^       {tJu  Avihor}^Clima\e.  of  the  British  laknda,  8to.  1682. 

Mdeorologr  of  Botbeair.   Bto.    ]  8S2. 
Ckmdeai  SmMv— Jouma]  for  Not.  1882.  8m 

OMt  Bwliwefr  lTi«lf]fi[ir'on— Minntca  of  Fro<>ee(iii»§rs,  YoL  LXX.    Sto.  1S82, 
CUtmmi  Smdy—Tnmmc tion « ,  Vol.  X  V.   S vo.    1 882. 

fTirfwfl'nrrf  Society^  London — Qtmrtorly  JouthaI  of  Transactions,  No.  3,  8vo,  I8S2. 
But  B&aAmpmaiim^QUTmd,  Vol.  XIV,  }^o.  4.   8vo.  1882. 
Siiiimm^Amtnmsi  Joimal  of  Sciende  for  Nov.  ISS2,  8vo. 

AikBl|i*  fbr  Not.  1882.  8m 

Athmntm  for  Hot.  1882.  4io. 

Ctiemkal  Newt  for  Nov.  1882.  4to. 

Engineer  for  Not,  1882,  fid. 

Hotologiiml  Jonnml  for  Nov.  1882.  8to. 

lion  ht  Not.  1882,  4to. 

K*|ttt«  for  Nov.  1882.  ito. 

ReTOe  Scicntifiquc  bdcI  BeTiio  Politique  ei  Littcraird,  for  Nor.  1882.  4tn. 
TtA9(gVBph.ic  Journal  for  Nov.  1^82.  fot. 
Frwifei^  Mifufe- Journal,  Ko,  f>83.    @vo«  1882. 

Gmmdt  John  Peter,  Etq.  M M^L—Prt>ce&Amgfi  of  tho  London  El^'ctriiMil  Boeiety, 
1841-2.    8*0,    1843.    With  Inaugural  Addreafi,  by      V,  Walker,  to  the 
Societj  of  Telegraph  Engiueeri;,  1S7G, 
Gntaahol  InMituk,  Lnp*Tial,  Ffenna— Yerhandlutigeti,  Nos,  8-11.    8to.  18S2. 
JphriKicli,  Band  XXXIl.  N08.  2,  3.    8to.  1882. 
AbhAodlnngen,  Band  X.   ful.  1882. 
GtoLayimU  SocUtif—QuaiUrU  Journal,  Na  152.   8to.  1882. 

Ahdncta  of  Fraoe^Hliiigs,  i382^3,  No.  425.  8to. 
LUi^/ditt  Paul  f.  Etq,  (the  Author)  — Gednnken  iiber  die  Social wifiBenich aft  der 

Zokunft   TbeO  1-4,  Sra  1873-9. 
Idthm,  Soeiedade  do  QMffraphia—BuiletlJi,  3*  8eri&,  No.  4.   8to.  1882. 
ttwrilifw  Geofogioai  TrenMctiona,  Yol.  X YIt.  Parts  1,  2.   8to.  1882. 

ITm.  T.  LaoAert,  Etq.         LL  D.  MM  L  (Uu}  AWAor)— Analy^ig  of  M.  Ortolsn's 
lotUtiitei  of  Jiuttman,  including  the  Htetory  of  Homun  Law.    l2mo,  187(*, 
The  Iiutitntee  of  Gattui  nnd  JuBtiuiAn.    12ino.  1882. 
Midimi  amd  Chirur^icul  Sociei if— Tr^Qs^lwnA,  Vol.  LXV.    Sm  1882. 
MmAmgghAf  M.  O.  Ton  dtrr  (the  Auihory—B\MX  loa  mojena  propOfles  pour  calm&r 

Im  Tafoei  de  ]&  Mer.   8to.  1882. 
Mwimrologieai  Ojke—Bt>Tu]j  Ikading«i,  ISBl.    PaH  I.    4to.  1882. 

Ilnrterlr  Westher  Report,  1879,    4lo.  1B82. 
Smik  0/  angiand  Itntittde  0/  Mining  and  Mechanic  Eminten — Traninetfotigr 

VoLxlXL   8to.  1882. 
JTimfwwfiBr  Sode^ — Namiflmatic  GhroDicle  and  Journal.    Srd  Series.    No.  7, 
01ns,  1883, 

F%mm<mmti»tl  Spdifty  0/  GrtKit  Britfiin—JouTnaXf  Nor.  1882.  8to. 

frtim,  C.  L.  JBm.  {the  jliiiAf/r)— IlluBtriitc*!  Aoootjnt  by  HeTcliQi  of  Mounting 

f^MTOpeA^  Ac,   8m    1882.   (PriTfttely  Printed.) 
iMm,  i.^-Scientiflo  Boll,  Mo.  9.    8vo.  1882. 

AMi&eitfy  qf  LoiMJoN^PUtloarmUica]  TraniiartloDS,  Yol.  CLXXllI.  Partu  ),  2. 
tlo.  I8«2. 

Sod^f  South  Ifiiffj-Joomnl  of  Proceeding.  Yol.  XV.  8to.  1882. 

Auml  E«p^  E>epattmeT)t  of  Minf^s  fur  1880.    4to.  1881. 

The  MiD«mla  <if  New  South  Wakfl.    By  A.  LiTersidge.    2nd  ed.   4to.  1882, 
Krw  South  Wiilet  in  1881.    By  T.  KichtudjL   2iid  ed.   8to,  1^82. 
Bmkarf  Im^t^  0/  Gm(U  BHtahi—Tmvtsaclkme^  YoL  III   8vo,  1882. 
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Siemetu,  Broi.  and  Co.  JfeMfv.— Beprodnction  de  rUnit^  de  Besigtanoe  )k  Meronre 
et  Relation  da  Syst^e  des  Meenres  Eleotriqnes  (Siemens  et  Halgkel  4to. 
1882. 

SmiiJuonian  IrutUfdion—'Repcai  of  the  Biir€aa  of  Ethnology,  1879-80.  By  J.  W 

Powell   4to.   Washington,  1881. 
Society  of  ilrtt— Jonrnal,  Not.  1882.  8yo. 

8t,  POerOHmrg,  AoadimU  dm  /Sbtenoet— Mdmoirea,  7*        Tome  XXX.  Nob.  4, 

6,7,8.   4to.  1882. 
Sumonst  O.  J.— Monthly  Meteorologioal  Magazine,  Not.  1882.  8m 
TyndaU,  John,  E$q.  D,CJj.  F,B.8,  M.R.L(fti»  AuOiar^-OTi  Unveiling  the  Statue 

of  Thomas  Garlyle.   8to.  1882. 
United  Service  InetttttUon,  Boyal-Jonrnal,  No.  117.  8to.  1882. 
Vereifu  tur  Befdrderung  det  Oewerbfleitaee  in  Preateon — ^Verhandlnngen,  1882 : 

No.  8.  4to. 


iSotjal  tngiittttton  of  ®rcat  HJritatii^'^.^'^^j 

i  ^.  \ 


WEEKLY  ETENmG  MEETING,         .  , 

Friday.  April  %  1881.  \\^ VX^l^rJi 


OxoEOB  Busk,  E&q.  F.R.S.  TreaBurer  and  Yice-Presi 
ia  the  Cbain 

pROFEgaoR  Ttndall,  D.CL,  P.E.S.  MB  L 

The  Convermm  of  Baiimt  Heat  into  Sound* 


Ties  Eojul  Society  hm  done  me  the  honour  of  pnbliBhing  a  long 
wmes  of  memoiri  on  the  interaction  of  radiant  heat  and  gaeeonH 
matter.  The^e  memoirs  did  not  eecnpe  eritictsin.  BiBtinguiehed 
men,  among  wbom  the  late  Professor  Magnua  and  the  late  Professor 
Baff  may  be  more  gpeoially  mentioned,  examined  my  eiperiments,  and 
imved  ikt  results  different  from  mine.  Living  workers  of  merit  have 
alfio  taken  np  the  question,  the  latest  of  whom,*  while  justly  recog- 
nising the  extreme  difficulty  of  the  enbject^  and  while  verifying,  so 
&r  »M  their  experiments  reach,  what  I  had  published  regarding  dry 
pees,  find  that  I  have  fallen  into  what  they  consider  grave  errors  in 
my  treatment  of  vapours^ 

None  of  theee  investigators  appear  to  me  to  have  realised  the 
tme  etretngth  of  my  position  in  its  relation  to  the  objects  I  had  in 
view*  Oocnpied  for  the  most  part  with  details,  they  have  failed  to 
recdgnise  the  stringency  of  my  work  as  a  whole,  and  have  not  taken 
into  acconnt  the  independent  support  rendered  by  the  various  parts  of 
the  inTe«tigation  to  each  other.  They  thus  ignore  verifications,  both 
general  and  special,  which  are  to  me  of  conclusive  force.  Neverthe- 
lan,  thinking  it  due  to  them  and  me  to  submit  the  questions  at  issue 
t&  a  fresh  eiaminatiun,  I  resumed  some  time  ago  the  threads  of  the 
ia^niry.  The  results  shall  in  due  time  be  communiGated  to  the 
IU^«1  Snciety ;  but  meanwhile  I  would  aek  permission  to  bring  to  the 
aolM^  of  the  Fellows  a  novel  mode  of  testing  the  relations  of  radiant 
hmX  td  gaseous  matter,  whereby  Bingtiiarly  instructive  effects  have 
lam  obtained. 

Loat  year  I  became  acquainted  with  the  ingenious  and  original 
tsperintents  of  Mr.  Graham  Bell,  wherein  musical  sounds  are  obtained 
lltttyogli  the  action  of  an  intermittent  beam  of  light  upon  scilid 
bodise*  From  the  first  I  enlertaino^l  the  opinion  that  these  singular 
mada  were  caused  by  nipid  changes  of  temperature,  producing 
•omspusdjiig  changes  of  shape  and  volume  in  the  bodies  impinged 
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upon  by  the  befttn.  But  if  this  bo  tbe  case^  and  if  gftses  and  mpoura 
really  absorb  radiant  beat,  tbey  ought  to  produce  pounds  more  intense 
than  tbose  obtainabl©  from  Bolide,  I  pictured  every  etroko  of  tbe  beam 
responded  to  by  a  sudden  etpaiision  of  tbe  absorbent  gaa^  and  con- 
cluded that  wben  tbe  pulses  tlius  excited  followed  eacb  other  with 
sufficient  rapidity,  a  musical  note  must  be  tbe  result.  It  seemed 
plain,  moFCOTcrt  that  by  this  new  method  many  of  my  prcv^ious  results 
might  bo  brought  to  an  independent  test.  Highly  (liathermanoue 
bodiesSi  I  reasoned,  would  produce  faint  sounds,  while  highly  adiather- 
manous  bodies  would  produce  loud  scmuds  ;  the  strength  of  the  sonnd 
being,  in  a  souse,  a  measure  of  the  absorption.  The  first  experiment 
made  with  a  view  of  testing  this  idea,  was  executed  in  the  presence  of 
Mr.  Graham  Bell ;  •  and  tbe  result  was  in  exact  accordance  with  what 
I  had  foreseen. 

The  inquiry  has  been  recently  extended  so  as  to  embrace  most  of 
the  gases  and  vapours  employed  in  my  former  researches.  My  first 
eoui^ce  of  rays  waa  a  Siemens'  lamp  connectod  with  a  dynamo*macbine, 
worked  by  a  gas-engine,  A  glass  Icua  was  used  to  concentrate  the 
rays,  and  afterwards  two  lenses.  By  the  first  the  rays  were  rendered 
parallel,  while  the  second  caused  them  to  converge  to  a  point  about 
Bevon  inches  distant  from  tbe  Ions.  A  circle  of  sheet  ^no  provided 
first  with  radial  slits  and  afterwards  with  teeth  and  interspaces  cut 
through  it,  was  mounted  vertically  on  a  whirling  table,  and  caused  to 
rotate  rapidly  across  the  beam  near  the  focus.  The  passage  of  the 
slits  produced  the  desired  int6rmittoiice,t  while  a  flask  containing  the 
gas  or  vapour  to  be  examined  received  tbe  shocks  of  tbe  beam  imme- 
diately behind  the  rotating  disk.  From  the  flask  a  tube  of  indiarubber, 
ending  in  a  tapering  one  of  ivory  or  boxwood,  led  to  the  ear»  which 
was  thus  rendered  keenly  sensitive  to  any  sound  generated  within  the 
flask.  Compared  with  the  beautiful  apparatus  of  Mr.  Graham  Bell, 
tho  arraugement  here  described  is  rude :  it  is^  however,  very 
ofibctive. 

With  this  orraugeraeut  the  number  of  sounding  gases  and  vapours 
was  rapidly  increased.  But  I  was  soon  made  aware  that  tho  glass 
lenses  withdrew  from  the  beam  its  most  effectual  rays.  The  silvered 
mirrors  employed  in  my  previous  researches  were  tboreforo  invoked* 
and  with  them,  acting  BometLmes  singly  and  sometimes  as  conjugate 


*  Ou  NoTPtiibet  29;  see  'Jounial  of  the  Bcoiety  of  Tolegmph  Eugiaeera,' 

Docsember  8,  USO. 

t  When  tbe  diak  rotate*  the  indiTidufll  rtiU  disiippear,  formin"'  a  hmy  t/om 
tbmcgh  which  objccta  are  viaible.  Throwing  by  the  clean  bund,  or  better  etill  by 
white  paper,  the  beum  h&6k  iipon  the  disk,  it  flpijean  to  Btand  stin,  the  uVits 
forming  m  mttny  tlsirk  rectuugles.  The  Teauou  U  obviouB,  bat  the  experiioeiit  la  a 
very  befiuliful  gno. 

I  may  fidd  tJiat  whun  I  &t»ii(i  with  open  eyes  in  tbo  finidiiug^  beam,  at  a 
definite  velocity  of  recutrenco,  subj^Mjtive  colowre  of  extraardiimry  gor^rcoiianesa 
RTG  produceiJ.  With  slower  or  qiiiclcer  rates  of  rotation  tho  coloura  diaappisir. 
The  fiashes  also  produce  a  giddiness  eomeUmea  int^iuie  enough  to  cause  me  to 
graap  th«  table  to  keep  myself  erect. 
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laitTOim,  tbe  eruHoDs  and  atrlking  results  wliich  I  havQ  now  tho  honoor 
lo  finhmit  to  the  Members  were  obtained. 

Biilj>liimo  ethtir,  formic  etter,  md  acetic  ether  bolng  placed  in 
balboQe  flasks,  Ihi'ir  vapoure  were  eoon  diffused  in  the  air  above  the 
lii|Eud.  Oo  placing  theeo  flasks,  whose  bottoms  only  were  eovered  by 
liie  liquid,  behiud  the  rotating  disk,  so  that  the  tutermitteat  beam 
puaed  through  the  ^ponr,  loud  musical  t4>iics  were  in  each  case 
obtained.  These  are  known  to  be  the  most  highly  absorbent  vapours 
which  my  eipcrimenta  revealed.  Chloroform  and  bisulphide  of 
carbon,  on  the  other  hand^  arc  koottn  to  be  the  least  absorbent,  the 
Utter  standing  near  the  head  of  diathermanous  vapours.  The  sounds 
extmcted  from  theee  two  substances  were  usually  weak  and  some- 
^mes  barely  audible^  being  more  feeble  with  the  bisulpliide  than 
with  the  chloroform.  With  regard  to  the  vapours  of  aniylene,  iodide 
of  ethyl,  iodide  of  methyl  and  benzol,  other  things  boiug  equal,  their 
power  to  produce  musical  tones  appeared  to  be  accurately  expressed 
by  their  ability  to  absorb  radiant  heat. 

It  is  the  Tapour,  aod  not  the  liquid,  that  is  effective  in  prodiiciug 
Ilia  BPands.  Taking,  for  example,  the  bottlea  in  which  my  volatile 
■afaslajifiee  are  habit ualLy  kept^  I  permitted  the  intermittent  beam  to 
iaipdiige  upon  the  liquid  in  each  of  them.  No  sound  was  in  any 
Me  proflaced,  while  the  moment  the  va|x>ur-laden  space  above  an 
•eltve  liquid  waa  traversed  by  the  beam,  musical  tones  made  them- 
•slves  audible. 

A  roek-salt  cell  filled  entirely  with  a  volatile  liquid  and  subjected 
%9  tliQ  intermittent  beam  produced  no  sound.  This  cell  was  circular 
and  closed  at  the  top.  Once,  while  operating  with  a  highly  adiathcr- 
mmm  substance,  a  distinct  musical  note  was  heard.  On  examining 
tba  cell,  however,  a  small  bubble  was  found  at  its  top*  The  bubble 
was  less  than  a  quarter  of  an  inch  in  diameter,  but  still  sufficient  to 
fTodmce  audible  sounds.  When  the  cell  wm  completely  filled  the 
nvnds  diiappeare4 

]|  10  hardly  neceasary  to  state  that  the  pitch  of  the  note  obtained 
to  eaeh  case  is  determined  by  the  velocity  of  rotation.  It  i^  the  same 
IS  that  prod  need  by  blowing  against  the  rotating  disk  aiid  ullovviug 
ite  alits  to  act  like  the  perforations  of  a  syren.. 

Thaa,  at  regards  vapours,  preyision  has  been  justified  by  experi- 
mmL  I  now  turn  to  gaaes.  A  small  flafik,  after  having  been  heated 
n  the  spirit  lump  so  as  to  detadi  all  moisture  from  its  sides,  waa 
MiMly  &lled  with  dried  air.  Placeil  in  the  intermittent  beam  it 
jMJeiii  a  note  so  feeble  as  to  be  heard  only  with  attention.  Dry 
ay^BB  sud  hydrogen  behaved  like  dry  air.  This  agrees  with  my 
ftener  experimenta,  which  assign od  a  hardly  sensible  absorption  to 
fian  gnea.  When  the  dry  air  was  displaeed  by  carbonic  aoid^  the 
Mttid  vss  far  louder  than  that  obtained  from  any  of  the  elementary 
^ML  When  the  carbonic  acid  was  displaced  by  nitrouA  Glide  the 
mmtl  WMM  much  more  forcible  still,  and  when  the  nitroue  otido  waa 
difplicod  by  olcdant  gas  it  gave  birth  to  a  musical  note  which,  when 
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tlio  beam  was  in  good  coacUlIoa  and  the  bulb  well  chosen,  eeemed  &s 
loud  m  that  of  an  ordinary  organ-pipe*  Wo  baTG  here  tbe  exact  order 
in  whieh  my  former  experiments  proved  tbese  gases  to  stand 
abBorbcrB  of  radiant  beat.    The  ameunt  of  the  absorption  and  the 
intensity  of  the  fioimd  go  hand^in  hand. 

Id  1859  I  proyed  gaseons  ammonia  to  be  extremely  imperviotid 
to  radiant  heat.  My  interest  in  its  deportment  when  eubjeeted  to  this 
oovcl  toet  was  therefore  great.  Placing  a  email  quantity  of  liquid 
ammonia  in  one  of  the  flasks,  and  warming  the  liquid  sHghtly,  the 
intermittent  beam  was  sent  through  the  Bpace  nboTe  the  Hqaid,  A 
loud  musical  not«  was  immediately  produeedi 

In  thiB  relation  the  vapour  of  water  interested  me  most,  and  as  I 
could  not  hope  that  at  ordinary  temperatures  it  existed  in  sufBeient 
amount  to  produce  audible  tones,  I  heated  a  small  quantity  of  water 
in  a  dagk  almost  up  to  ita  boiling-point.  Placed  in  the  intermittent 
beom,  I  heard — I  avow  with  delight— a  powerful  musical  sound 
produced  by  the  aqaeous  vapour. 

Small  wreathe  of  haze,  produced  by  the  partial  condensation  of  the 
vapour  in  the  np]}€r  and  cooler  air  of  the  flask,  were  however  visible 
in  this  e:s{>eriment ;  and  it  was  necessary  to  provo  that  this  base 
was  not  the  canao  of  the  sound*  The  flask  was  therefore  heated 
by  a  fipirit*flame  beyond  the  tomperBtnre  of  boiling  water.  The 
closest  scrutiny  by  a  condensed  beam  then  revealed  no  trace  of 
cloudiness  above  the  liquid.  From  the  perfectly  invisible  vapour 
however  the  musical  sound  issued,  if  anything,  more  forcible  than 
before.  I  placed  the  flask  in  cold  water  until  its  temperature  was 
reduced  from  about  90°  to  10^  C.,  fully  expecting  that  the  eoimd  would 
vanish  at  this  temperature;  but  notwithstanding  the  tenuity  of  the 
vapour,  the  sound  extracted  from  it  was  not  only  distinct  but  loud. 

Three  CTapty  flasks  filled  with  ordinary  air  were  placed  in  a 
freezing  mixture  for  a  quarter  of  an  hour.  On  being  rapidly  trans- 
ferred to  the  intermittent  beam,  sounds  much  londcr  than  those 
obtainable  from  dry  air  were  produced. 

W arming  these  flasks  in  the  flame  of  a  spirit-lamp  until  all 
visible  humidity  had  been  removed,  and  afterwards  urging  dried  air 
through  them,  on  being  placed  in  the  intermittent  beam  the  sound 
in  each  cose  was  found  to  have  fallen  almost  to  silence. 

Sending,  by  means  of  a  glass  tube,  a  puff  of  breath  from  the  lungs 
into  a  dried  flask,  the  power  of  emitting  sound  was  immediately 
restored. 

When,  instead  of  breathing  into  a  dry  flask,  the  common  air  of  the 
laboratory  was  urged  through  it,  the  sounds  became  immediately 
intensifi^ed.  I  was  by  no  means  prepared  for  tho  extroordimiry 
delicacy  of  this  new  method  of  testing  the  adiathormancy  and  diather- 
mancy of  gases  and  vapours,  and  it  cannot  be  otherwise  than  satis- 
factory to  me  to  find  that  particular  vapour,  whose  allied  deportment 
towards  radiant  heat  has  been  meet  strenaously  denied,  affirming  thus 
audibly  its  true  character. 
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wliat  lias  beoa  etated  ragarding  aqueous  yapoar  we  are 
for  the  fftct  tii  it  an  exceedingly  small  percentage  of  any 
ly  «4liatbennaiioiifi  gas  diflused  in  air  suffices  to  exalt  the  sounds. 
An  accidental  observation  will  illustrate  tbis  point.  A  flask  was 
filled  with  coal  gag  nnd  lield  bottom,  iipwarda  in  the  intermittent 
beam*  The  aotinda  produced  were  of  a  for  go  corresponding  to  tho 
kmiwn  abfiorjitive  energy  of  coal-gas.  The  flask  was  tbeu  placed 
apriglii^  with  its  mouth  open  upon  a  table,  and  permitted  to  rcntnin 
there  for  nearly  ao  hour.  On  being  restorod  to  the  beatu,  tbe  Bounds 
ppodnced  were  far  louder  than  those  which  coiild  be  obtained  from 
oommon  air.^ 

Trueferrijig  a  email  flask  or  a  teat  tube  &om  a  cold  place  to  the 
intemutteikt  beam  it  is  sometimes  found  to  be  practically  silent  for  a 
motiieiit,  alter  which  the  sounds  become  distiuctly  audible.  This  I 
likB  to  be  due  to  the  yaporisatiou  by  the  calorific  beam  of  the  thin 
fba  of  moisture  adht^rent  to  the  glass. 

My  preTiouB  experiments  having  satisfied  me  of  tbo  generality  of 
the  nde  that  volatile  liquids  and  their  vapours  absorb  the  same  rays^ 
I  tfafHigbt  it  probable  that  the  introduction  of  a  thin  layer  of  its  liquid, 
efvn  ID  the  caf^  of  a  moet  energetic  vapour,  would  detach  tbe  effective 
lajB,  iUid  thus  quench  tbe  Bounds.  Tbe  experiment  was  made 
mmI  tha  oonclusion  verified*  A  layer  of  water,  liquid  formic  ether, 
nl^iiric  ether,  or  acetic  ether  one-eighth  of  an  inch  in  thickness 
tmmmd  the  trausniitted  beam  powerless  to  produce  any  musical 
Mnd  in  the  yapours.  Thes^  liquids  being  transparent  to  Hght,  the 
nye  which  they  intercepted  must  have  been  tliose  of  obscure 

h^ 

A  layer  of  bifiulphide  of  carbon  about  teu  times  tbe  thickness  of 
Ifca  IniiBparent  layers  just  referred  to»  and  rendered  opaque  to  light 
Ij  dteol^ed  iodine,  waa  interposed  in  the  path  of  the  intermittent 
hmm^  It  produced  hardly  any  diminution  of  the  sounds  of  the  more 
•etivo  Tmponrs — a  further  proof  that  it  is  the  invisible  heat  raye^  to 
the  solution  of  iodine  is  so  eminently  transparent,  that  are  here 


Obaygtuig  one  of  the  small  flasks  used  in  the  foregoing  experi- 
■ii  mto  a  tharmometer  btilb^  and  fiUiog  it  with  various  gases  in 
>a,  it  waa  found  that  with  those  gases  which  yielded  a  feeble 
the  displacement  of  a  thermometric  column  associated  with  the 
Mil  wmB  slow  and  feeble,  while  with  those  gases  which  yielded  loud 
the  diaplacement  was  prompt  and  forcible. 


4 


On  JanuAi^  4  I  chose  for  my  source  of  rays  a  powerful  Hme-light, 
which,  when  aufficient  care  is  taken  to  prevent  tho  pitting  of  the 
^Itnder,  worki  frith  admirable  steadiness  and  without  any  noise.  I 
alio  ^iiaged  my  mirror  for  one  of  shorter  focus,  which  permitted  a 

•        ipftiKwl  Lere  deficribcd  ia,  I  doubt  not,  applicable  to  i\m  dokn^Uou  ot 
^OKEititica  or  areHlump  in  miuefl. 
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nearer  approach  to  the  source  of  raye.  Tested  witli  thia  new  reflector 
the  stronger  vapours  roee  remarkably  in  sounding  power. 

Improved  manipulation  was,  I  considered,  sure  to  extract  sounds 
from  rays  of  miicb  more  moderate  intensity  than  those  of  the  lime- 
light- For  this  light,  therefore,  a  comJuon  cundlo  flame  was  substi- 
tuted. Received  and  tbrowti  hack  by  the  mirror,  the  radiant  heat  of 
the  candle  produced  audible  tones  in  all  the  strouger  vapours, 

Abandoniug  the  mirror  and  bringing  the  candle  close  to  the 
rotating  disk,  its  direct  rays  produced  audible  sound s^ 

A  red-hot  coal,  taken  from  the  fire  and  held  close  to  the  rotating 
disk,  produced  forcible  son  nils  in  a  flask  nt  the  otlier  eide. 

A  red*hot  poker,  placed  ia  the  position  previously  occupied  by 
the  ooal,  prcMluc^  strong  sounds, 

Thct  temperature  of  the  iron  wss  then  lowered  till  its  heat  just 
ceased  to  he  visihle.  The  intermittent  inyisihlo  rays  produced  audible 
Bonuds. 

The  temperatttre  was  gradually  lowered,  being  accompanied  by  a  i 
gradual  and  eontinuoua  diminution  of  the  sound*    When  it  ceased  to 
be  audible  the  temperature  of  the  poker  was  found  to  bo  below  that  of 
boiling  water. 

As  might  be  expected  from  the  foregoing  experiments  an^incan- 
descent  platinum  spiral,  with  or  without  the  mirror,  produced  musical 
sounds.  When  the  battery  power  was  reduced  from  ten  cells  to  three 
the  soundfi,  though  enfeebled,  wore  distinct. 

My  negicct  of  aqueous  vapour  had  led  me  for  a  time  'astray  in 
1859,  but  before  publishing  my  rcRulta  I  had  diacoyered  the  error. 
On  the  present  occasion  this  omnipresent  substance  bad  also  to  be 
reckoned  ivith.  Fourteen  flasks  of  variouB  sizes,  with  their  bottoms 
covered  with  a  little  sulphuric  acid,  were  closed  with  ordinary  covlts 
and  permitted  to  remain  in  the  laboratory  from  December  23  to 
January  4,  Tested  on  the  latter  day  with  the  intermittent  beam, 
half  of  them  omitted  feeble  sounds,  hut  half  were  silent.  The 
sounds  were  undoubtedly  due,  not  to  dry  air,  but  to  traces  of  aqueous 
vapour. 

An  ordinary  bottle  eontaining  sulphuric  acid  for  laboratory 
purjwses,  being  connected  witli  the  ear  and  placed  in  the  intermittent  i 
beam,  emitted  a  faint^  but  distinct,  musical  sound.    This  bottle  had  i 
been  o|>oned  two  or  three  tunea  during  the  day,  its  dryness  being 
thus  vitiated  by  the  mixture  of  a  small  quantity  of  common  air.    A  , 
second  similar  bottle,  in  which  sulphuric  acid  had  stood  undisturbed 
for  some  days,  was  placed  in  the  beam :  the  dry  air  above  the  liquid 
proved  absolutely  silcnt- 

On  tlie  evening  of  January  7,  Professor  Dewar  handed  me  four 
flasks  treated  in  the  following  manner  ;^ — Into  one  was  poured  a  small 
quantity  of  strong  sulphuric  acid ;  into  another  a  small  quantity  of 
Nordhftusen  sulphuric  acid ;  in  a  third  were  placed  some  fragments 
of  ^sed  chloride  of  calcium ;  while  the  fourth  contained  a  small 
quantity  of  phosphoric  anhydride.    They  were  closed  with  well- 
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fittuig  mdlArabber  stopp«r9»  and  permitted  to  rstunin  nndifiturbed 
Haoi^ool  tlie  niglit  Tested  after  twelve  hours,  each  of  them 
emitted  a  feeble  sound,  the  flask  last  mentiotied  being  the  BtroDgcst. 
Tested  Again  six  hours  later^  the  aound  had  disappeared  from  threo  of 
tfae  flaalca,  that  coutaitiiiig  the  phosphoric  anhydride  alone  remaining 

Breathing  into  a  flask  partially  filled  with  salphnrio  acid  instantly 
restoreB  the  eonnding  power,  which  continueB  for  a  conaiderabld 
time*  The  wetting  of  the  intorior  surface  of  the  flask  with  the 
Bolphnric  acid  always  enfeebles,  and  gometinieB  deatrojs,  tho  sound. 

A  bulb  less  than  a  cubic  inch  in  Tolume,  and  containing  a  little 
wier  lowered  to  the  temperature  of  melting  ice,  prodacee  very 
difltmei  soonds.  Warming  tho  water  in  the  flame  of  ii  spirit-lamp, 
the  Bound  becomes  greatly  augmented  in  strength.  At  tho  boiliog 
temperature  the  Bound  emitted  by  this  small  bulb  *  is  of  extraordinary 
tBtensity. 

Theee  results  are  in  accord  with  thoeo  obtained  by  me  nearly 
BEiietdezi  years  ago,  both  in  reference  to  air  and  to  aqueous  mpuur. 
Th&f  are  in  utter  disaccord  with  those  obtained  by  other  eatperi- 
Aenterm,  who  hare  ascribed  a  high  absorption  to  air  and  none 
Id  ftq^aeous  yapour. 

The  action  of  aqueous  vapour  being  thus  revealed,  the  necessity 
of  HiOfioughly  drying  the  flaeks  when  testing  other  substances 
bsooapeB  obYiottS.  The  following  plan  has  been  found  effective 
Each  fiask  is  first  heated  in  the  flame  of  a  spirit-lamp  till  every 
fisible  trace  of  iotomal  moisture  has  dimppeared,  and  it  is  afterwards 
filled  to  a  temperature  of  about  400*  C,  While  the  glass  is  still  hot 
a  gim  tube  is  introduced  into  it,  and  air  freed  from  carbonic  acid  by 
cai^tic  p4:)tai^h,  and  from  aij^ueous  vapour  by  snlphuric  acid,  is  urged 
Ilif^Qgh  the  llosk  until  it  is  cool.  Connected  with  the  ear^tabe^  and 
aipoaeid  immediatoly  to  tiie  intermittent  beam,  the  attention  of  tlio 
ear,  if  I  may  use  tho  term,  is  converged  upon  tho  flask*  Wlion  tho 
txperimGnt  is  carefully  made,  dry  air  proves  as  incompetent  to 
fvodiice  lound  la  to  absorb  mdiont  heat, 

I  alio  tried  tci  extract  sounds  from  perfumes,  which  I  had  proved 
m  1861  to  be  absorbers  of  radiant  heat.  I  limit  myself  here  to  tho 
vspoQfS  of  patchouli  and  cassia,  the  former  exercising  a  measured 
■bgorption  of  dOy  and  the  latter  an  absorption  of  103.  Placed  in  dried 
ladm,  and  slightly  warmed,  sounds  were  obtained  from  both  these 
nhstacioefi,  but  the  sound  of  cassia  was  much  louder  tlian  that  of 

Many  years  ago  I  had  proved  tetracbloride  of  carbon  to  be 
Uglily  diathermanouB.  Its  suimding  power  is  as  feeble  as  its 
ibnvbeiit  power* 

In  lelKtion  to  colliery  explosions^       deportment  of  marsh-gas 


*  fa  Mich  hallm  even  biaiilpbtde  nf  carboa  vapour  may  be  wj  nursed  m  to 


me  witli  ft  pure  sample  of  this  g»e.  The  sounds  produced  by  it, 
when  eipoeed  to  the  iaternjittent  beam,  were  very  powerful. 

Chloride  of  loetbyl,  a  liquid  which  boils  at  the  ordinary  tetn- 
poratiiro  of  the  air,  wag  poured  into  a  emHll  flask,  and  permitted  to 
displace  the  air  within  it,  Expo6<ed  to  the  intermittent  beam,  its 
Bound  exceeded  in  power  that  of  marsh-gas. 

The  apecific  gravity  of  niareh-gaB  being  about  half  that  of  air,  it 
might  be  expected  that  the  flask  containing  it,  when  left  open  and 
&rmt,  would  soon  got  rid  of  its  contents*  Thie,  however^  is  not  the 
csase.  After  a  considerable  interval  the  film  of  this  gas  clinging  to 
the  iiaterior  surface  of  the  flask  waa  able  to  produce  sounds  of  great 
intensity, 

A  BmaU  quantity  of  liquid  bromine  being  poured  into  a  well- 
dried  flask,  the  brown  Tapour  rapidly  diffuaed  itself  in  the  air  above 
the  liquids  Placed  in  the  intennitteut  beato,  a  Bomewhat  forcible 
sound  was  produced.  This  might  soem  to  militate  against  my  former 
experiments,  which  assigned  a  very  low  absorptive  power  to  bromine 
vapour.  But  my  former  experiments  were  conducted  with  obficnre 
heat ;  whereas  in  the  present  instance  I  had  to  deal  with  the  radia- 
tion from  incundesoent  lime,  whose  heat  is  in  part  ImniuouB.  Now 
the  colour  of  the  bromine  vapour  proves  it  to  be  an  energetic 
alsorber  of  the  Imninous  rays;  and  to  them,  when  suddenly  con- 
certed into  thermometric  heat  in  the  body  of  the  vapour,  I  thought 
the  sounds  might  be  due. 

Between  the  flask  containing  the  bromine  and  tbe  rotating  disk  X 
therefore  placed  an  empty  glass  cell :  the  sounds  contiuued,  I  then 
filled  the  ccU  with  transparent  bisulphide  of  carbon:  the  sounds 
still  continued.  For  the  transparent  bisulphide  I  then  substituted 
the  aame  liquid  saturated  with  dissolved  iodine.  This  solution  cut 
o£f  the  light,  while  allowing  the  rays  of  heat  free  transmission :  thd 
sounds  were  immediately  stilled. 

Iodine  vaporised  by  heat  in  a  small  flask  yielded  a  forcible  sound, 
which  waa  not  sensibly  affected  by  the  interposition  of  transparent 
bisulphide  of  csjbon,  but  which  was  completely  quelled  by  the  iodine 
solution.  It  might  indeed  huve  been  foreseen  that  the  rays  tmi9- 
mitted  by  the  iodine  as  a  liquid  would  also  bo  transmitted  by  Ha 
vapour,  and  thus  fail  to  be  converted  into  sound.* 

To  complete  the  argument: — While  the  flask  containing  the 
bromine  vapour  was  soundiug  in  the  intermittent  beam^  a  strong 
solution  of  alum  was  interposed  between  it  and  the  rotating  disk. 
There  was  no  sensible  abatement  of  the  sounds  with  either  bromitid 
or  iodine  vapour. 

In  these  experimeuta  the  ray  a  from  the  lime-Hgbt  were  converged 
to  a  point  a  little  beyond  the  rotating  disk.  In  the  next  experiment 
they  were  rendered  parallel  by  the  mirror,  and  afterwards  rendered 


I  iat«ittiuuiilly  uue  this  ^hruBculogy. 


1881.]         on  ihe  CtmitersiQn     Radiant  Heat  itUo  Sound.  18$ 

ocmTergent  by  a  lens  of  ice.  At  the  fociiB  of  the  ice-letifi  the  sotmdfl 
wexe  extracted  from  both  bromine  and  iodine  vapour^  Bounds  weie 
also  produced  after  the  beam  had  been  eeut  tbroiigli  tbe  alum  solution 
and  the  ice-lens  conjointly. 

Several  vapours  other  than  those  mentioned  in  this  abstract  have 
been  exiunined^  and  sonndfi  obtained  from  all  of  them.  The  vapours 
of  all  compound  liquids  wiUi  I  doubt  not,  be  found  BonoToas  in  the 
intermittent  beam.  And,  as  I  question  whether  there  is  an  abeo- 
Ititelj  diathermanous  substance  in  nature,  I  think  it  probable  that 
erea  the  vapoors  of  elementary  bodies,  including  the  elementary 
ipses,  when  more  etrictly  examined^  will  be  found  capable  of  pro- 

^  [J.  T.] 
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Friday,  January  19th,  1883. 

GfiOBfiB  BCF9K,  Esq.  F,E.S.  Treasurer  and  Vice-President,  in  the  Chair. 

R.  BoiWOBTF!  SsiTH,  Esq.  M.A. 
AanBtant  Master  uf  Himtow  School. 

The  Earl  If  Life  of  Lord  Lttwrence  in  Indm, 

Tsii  Discourse  was  an  introduction  to  a  short  course  of  lectures 
oiiitled  '  Episodes  in  the  Life  of  Lord  Lawrence/  * 

John  Lawrence  was  born  ia  the  nurth  of  Irelaud,  March  4,  1811, 
kb  fiuaily  being  of  Scoto-Irish  origin.  His  father,  Alexander,  w»h  nn 
m-ra^mted  Indian  officer ;  his  mother,  a  Knox,  Amon^  hia  echool- 
Mlofra  ftt  Foyle  College  were  his  brother  Henry  and  Bobert  Mont- 
gomciy,  his  future  colleagues  in  the  Puojanh. 

Not  too  well  educated,  ho  reluctantly  entered  the  Indian  Civil 
S^rioe  in  1829,  going  to  Delhi,  his  appointment  being  eventually  in 
Fmipot,  inhabited  by  Sikhs  and  other  tribes  of  a  more  po\verfQl 
A*>mffter  than  the  ordinary  Hindoos. 

TImi  daties  of  a  collector  of  the  revenue  were  exceedingly  multi- 
iuiiMS*  eaibzacing  the  charge  of  law  utid  police »  agriculture^  health, 
fQS^  Iiridgee>  In  di^chargLng  thcite  duties  John  Lawrence  acted 

m  m  wise,  just,  humane,  heneiieent  despot,  throwing  himself  heartily 
unto  his  work,  deeply  sympatliimng  with  the  people,  trusting  greatly 
lo  Ills  own  eyefl  and  hands,  and  i^uhjecting  himself  to  severe  self- 
fcipl  iiK     In  fact,  during  the  yeara  he  ueted  as  revenue  collector  in 
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Panipnt,  he  was  in  a  course  of  training  for  his  important  fiitore  work, 
which  so  greatly  condnced  to  the  preservation  of  the  Indian  empire 
during  the  mutiny. 

In  the  latter  part  of  the  discourse,  the  speaker  related  a  number  of 
interesting  anecdotes  illustratiye  of  John  Lawrence's  physical  strength, 
method  of  working,  escape  firom  imminent  death,  acuteness  in  the 
detection  of  crime,  remembrance  of  help  given  to  him,  tenderness  to 
sufferers,  and  other  characteristic  qualities. 

After  a  severe  illness,  he  returned  to  England  in  1840,  on 
furlough. 
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WiLLUM  Spottiswoode,  Esq.  M.A.  D.O.L.  Pres.  B.S.  Vice-President, 

in  the  Chair. 

Geobgb  J.  BoMANxs,  Esq.  MA.  F.B.S. 

Becent  Work  on  Starfishee, 

(No  Abstract.) 
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WEEKLY  EVENING  MEETING, 

Friday,  February  2,  1883. 

GiOBOB  BnsK,  Esti*  F.B,S»  Treasarer  and  Vice-President, 
in  tbo  Chair. 

Sir  Wn-LiAM  Thomsok,  LL.D.  F,E.S. 

The  Si^  of  Atoms. 

Fotm  lioes  of  argnment  foundod  on  observation  have  led  to  the  con- 
doflioia  that  atoms  or  molucules  are  not  inconceivably,  not  ]iiim<308iir- 
■bly  small.  I  use  tho  words  "  incoutcivably  "  and  "immeasurably" 
ftdfiMdly.  That  which  is  measurable  is  not  inconc&ivahle,  and 
ibmlbre  the  tvro  words  put  together  constitute  a  tautology.  Wo 
Im^  inoonceivahleness  in  fact  to  motaphystcians.  Nothing  tlmt 
wa  can  measurQ  ia  iaconceivahly  larga  or  in  conceivably  gruall  in 
physical  ecionce.  It  may  be  difBcult  to  understand  the  numbers 
eiprefiSLDg  tlie  magnitude,  but  whether  it  be  very  large  or  very  siuall 
there  U  nothing  ineonceivablo  in  the  nature  of  the  thing  beoatiae  of 
its  greatness  or  Bmallncj^,  or  in  our  viows  and  appreciation  and 
Qwomcal  exprossiou  of  the  magnitude,  Tho  general  result  of  the 
four  lines  of  reasoning  to  which  I  have  referred,  founded  respectively 
on  the  undaUtory  theory  of  light,  on  the  phenomena  of  contact 
electricity,  on  capillary  attraetion,  and  on  the  kinetic  theory  of  gasoH, 
a^reeA  m  showing  that  the  atoms  or  molecules  of  ordinary  matter 
mi»t  be  somothinj^  like  the  1-1 0,000,000th,  or  from  the  1-1 0,0 00,00 0th 
Id  the  l-100,000,000tli  of  a  centimetre  in  diameter,  I  Bpeak  somewhat 
Tigiiely,  and  I  do  so,  not  inadvertently,  when  I  speak  of  atoms  and 
mdecidcs.  I  mnst  ask  the  chemists  to  forgive  me  if  I  even  abuse  tho 
words  and  apply  a  misnomer  occasionally.  The  cbemiste  do  not 
know  what  is  to  bo  the  atom ;  for  instance,  whether  hydrogen  gas 
la  to  consist  of  two  pieces  of  matter  in  union  conslitutiug  one  molecule, 
ind  lhe«e  molecules  flying  about ;  or  whether  single  molecules  each 
indiviaible^  or  at  all  oventj)  undivided  in  chemical  action^  constitute 
tiw  etmctiire.  I  shall  not  go  iulo  any  such  queetions  at  all,  but 
mmly  take  tho  broad  view  that  matter,  although  we  may  conceive  it 
to  he  infinitoly  divisihlo,  is  not  infinitely  divi8ibte  without  decompo- 
lition.  Just  as  a  building  of  hrick  may  be  divided  into  |iarte,  into  a 
part  containing  1000  bricks,  and  another  part  containing  2500  bricks, 
and  tho«e  parts  viewed  largely  may  be  said  to  bo  similar  or  homo- 
geneoua ;  but  if  you  divide  the  matter  of  a  brick  building  into  spaces 
€if  nine  inches  thick,  and  then  think  of  subdividing  it  feuiher^  you 
iad  JOQ  have  come  to  something  which  is  atomic,  that  is,  indivisible 
witbooA  defitrojiug  the  elements  of  the  structure.    The  question  of 
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the  molecTilar  structuro  of  a  building  does  not  neceasftrilj  involve  the 
qacstiou,  Oim  a  brick  bo  divided  into  parte  ?  and  c&u  tlio^  part«  bd 
tlivided  into  much  smaller  parts  ?  and  so  on*  It  lasod  to  be  a  faToui-ite 
subject  for  luetapbyBical  argmnent  amongst  the  scbofjlmoti  whether 
iuatt<jr  ie  infinitely  diviBihle,  or  whether  space  in  iiifinitely  divisible, 
which  eotno  maintained,  whilst  others  niaiutained  only  that  mailer  is 
not  infinitely  divisible  and  demonstrated  that  there  is  nothing  in- 
conceivable in  the  infinite  Bubdivieion  of  space.  Why»  even  time  was 
divided  iitto  monaents  (time-atoms  i),  and  the  idea  of  continuity  of 
time  was  involved  in  a  halo  of  argument,  and  metaphysical— I  will 
not  say  absurdity ^ — but  metaphysical  word-fen cing,  which  waa  no 
doubt  very  amusing  for  want  of  a  more  instruetiTe  subject  of  study. 
There  is  in  sober  earnest  this  very  important  thing  to  be  attended  to, 
liowevor,  that  in  chronometry,  as  in  geometry,  we  have  absolute  con* 
tinnity,  and  it  is  simply  an  inconceivable  abeurdity  to  suppose  a  Umit 
to  smallnesa  whether  of  time  or  of  space,  But  on  the  other  hand, 
whether  we  can  divide  a  piece  of  glass  into  pieces  smaller  than  the 
l-100,000th  of  a  centimetre  in  diameter,  and  so  on  without  breaking 
it  up,  and  making  it  cease  to  have  the  properties  of  gUss,  just  as  a 
brick  has  not  the  property  of  a  brick  wall,  is  a  very  practical  question, 
aud  a  question  which  wo  are  quite  disposed  to  enter  upon. 

X  wish  in  the  bogiunLng  to  beg  you  not  to  run  away  from  the 
£ubject  by  thinking  of  the  exceeding  smallness  of  atoms.  Atoms  are 
not  so  exce^ingly  small  after  all.  The  four  lines  of  argument  1  have 
referred  to  make  it  perfectly  certain  that  the  molecules  which  consti- 
tute the  air  we  breathe  are  not  very  niuch  smaller,  if  smaller  at  all, 
than  l-10,000,000th  of  a  centimetre  in  diameter.  I  was  told  by  a 
friend  just  five  minutes  ago  that  if  I  give  you  results  in  centimetres 
you  will  not  understand  me.    I  do  not  admit  this  calumny  on  the 

Fio.  1. 


Qua  ocutloietre'  Otie  miUitnetre. 

Eoyal  Institution  of  Great  Britain  ;  no  doubt  many  of  yon  as  Eoglish- 
men  ore  more  familiar  with  the  unhappy  British  inch ;  but  you  all 
surely  understand  the  centimetre,  at  all  events  it  was  taught  till  a  few 
yt^ars  ago  in  the  primary  national  schools.  Look  at  that  diagram 
(^ig-  l)j  ftfi  I  want  you  all  to  understand  an  inch,  a  centimetre,  a  milli- 
motre,  the  1-lOth  of  a  millimetre,  and  the  MOOth  of  a  millimetre, 
the  1-lOOOth  of  a  millimetre,  and  the  1-I,000j000th  of  a  millimetre! 
The  diagram  on  the  wall  represents  the  metre  ;  below  that  the  yard  j 
nest  the  decimetre,  and  a  circle  of  a  decimetre  diameter,  the  centi- 
metre and  a  circle  of  a  centimetre,  and  the  millimetre,  which  is  1-lOth' 
of  a  centimetre  or  in  round  nuinbers  l-40th  of  an  inch.   Wo  will 
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adhere  however  to  one  sun  pie  eystem  ,  for  it  is  only  becaase  w&  &re 
ifi  Knglaud  thftt  the  yard  and  inch  are  put  before  you  at  all,  among 
the  metres  and  centimetres.  You  see  on  the  diagram  then  the  metre, 
the  centimetre,  the  millimetre^  with  circles  of  the  Bamo  diameter. 
Someboiiy  t^flls  roe  the  millimetre  is  not  there,  I  cannot  see  it ^  but  it 
certainly  i»  there,  and  a  circle  whose  diameter  is  a  millimetref  both 
■Cdtfiately  painted  in  black,  I  say  there  is  a  millimetre,  and  yoa 
cannot  see  it  And  now  imagine  there  is  1-lOth  of  a  millimetre,  and 
there  1-lOOtb  of  a  millimetre  and  1-lOOOth  of  a  millimetre,  and  there 
IS  a  lonnd  atom  of  oxygen  1-1, 009,000  rh  of  a  millimetre  In  diameter. 
Yon  see  them  alL 

Now  we  must  have  a  practical  means  of  measuring,  and  optics 
impply  us  with  it  for  thousand tlis  of  a  millimetre.  One  of  our 
temporary  standards  of  measurement  shall  be  the  wave-length  of 
light ;  but  the  wave-length  is  a  very  indefinite  measurement,  because 
tbere  are  wave-lengths  for  different  co lours  of  lights  visible  and  in- 
Tisiljle,  in  the  ratio  of  1  to  1$.  We  have,  as  it  were — borrowing  an 
analogy  from  sound — four  octaves  of  light  that  we  know  of.  How  far 
tiie  range  in  reality  extends  above  and  below  the  range  hitherto 
maamtEcd,  we  cannot  even  gness  in  the  present  state  of  science.  The 
table  before  you  (Table  I.)  gives  yon  an  idea  of  maguitades  of  leogth, 


Tablc  L— Data  roa  VistBi.r:  T.iaHT, 


Line 
of  Sp«ictnnii,. 

In  CemiomTrai, 

W*ve  Freqpencj:, 
of  Nuthbisr  Dt  Perloii 
per  Sfcond. 

A 
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If 

0 

6-562 

457-7 

ti 

5-895 
5*889 
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509-7 

t» 

5'2fi9 

570-0 

It 

h 

5' 183 

»* 
y* 

F 

617-9 

a 

4^307 

1* 

697  3 

H. 

3*968 

11 

756-9 

♦* 

763  6 

tail  »cain  of  small  intervals  of  time.  In  the  column  on  the  left  you 
haTo  the  wnTe-Iength  of  light  in  fractions  of  a  centimetre  ;  the  unit 
in  which  these  numbers  to  the  left  is  mtMisnrod  is  the  1-1 00,000th  (or 
10^)  of  A  centimetre.  W©  have  then,  of  visible  light,  wave-lengths 
ten  7 J  to  4  nearly,  or  3-  9»  Ton  may  say  then  roundly,  that  for  tho 
«m-tcngtbs  of  visible  light,  which  alone  is  what  is  represented  on 
l^t  t»ble.  we  have  wave-lengths  of  from  4  to  8  on  onr  scale  of 
MOO,CM)Otli  of  a  centimetre.  Tho  8  is  invisible  ra<liation  a  little 
Mom  ibe  red  end  of  the  spectrum.   The  lowest,  marked  by  Fraun- 
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hofcp  witli  tbe  letter  -4,  has  for  wave- length  TJ-l 00^00 0th  of  a  centi- 
metre. Oil  the  model  boforo  you  I  wiU  now  show  you  wbut  is  meant 
by  a  "  wiiYe-lenglh ; "  it  is  not  length  along  the  crest^  such  as  we 
Bometimea  see  well  marked  in  a  breaking  wave  of  tlio  sea,  on  a  long 
straight  beach  ;  it  is  distanee  from  cre«t  to  ci-eat  of  the  wayes.  [This 
waB  illnstTated  by  a  large  number  of  horizontal  rods  of  wood  con- 
nected together  and  suspended  bifilarly  by  two  threads  in  the  centre 
banging  from  the  ceiling ;  *  on  moTiDg  the  lowermost  rod,  a  wave 
waa  propagated  up  tlie  series,]  Imagine  the  ends  of  those  rods  to 
represent  particles.  The  toda  themselves  let  us  suppose  to  be  in- 
Tisiblot  and  merely  their  ends  visible,  to  represent  the  particles  acting 
npon  one  another  muttially  with  elastic  force,  as  if  of  indiarubbcr 
band%  or  steel  spiral  spriugs,  or  jelly,  or  elastic  material  of  some 
kind,  Thoy  do  act  on  one  another  in  this  model  through  the  central 
mounting.  Hero  again  is  another  model  illustrating  waves  (Fig.  2}*f 
The  white  circles  on  the  wooden  rods  represent  pieces  of  matter — I 
will  not  say  molecules  at  present,  though  we  shall  deal  with  them  as 
molecules  afterwards.  Light  consists  of  vibrations  transverse  to  th© 
line  of  propagation,  just  aa  in  the  models  before  yoa. 


"  The  de(ai}a  of  tbia  bifllar  BUHpentioii  need  not  be  mlnnte^I;  described,  ae  Iho 
new  form,  nitli  u  single  stt*!  pianofnrtfl  wire  to  the  required  mutual  forces, 
de^rilKi!il  below  and  rcpr^senCad  in  Fijt^.  2^  ia  better  and  mnre  ^isily  made. 

t  Thia  tippiuatuf),  whioU  ropt-iwtifced  in  the  woodinit,  Fi^;.2j  i&  of  the  follow* 
in^  ditnutiBions  and  dt^-ecription.  The  mnOA  of  equft]  and  similar  biire  (B)  of 
whitiU  t!«e  ends  represent  mnlL-cales  of  the  medium,  iind  the  pendultjtn  bar  (PX 
which  jH?rff>mi8  tlie  pfirt  nf  exciter  nf  vibraliotis,  or  of  kinetic  Htoro  of  vibmtioDal 
eiicT^^,  ftfe  i>ipvm  of  wood  tacL  50  cDntiiuelrcB  long,  '6  oentimt^trea  broftd,  find  1  •  5 
cfiDtiuiettufl  tliitik.  The  HUBpeudiiig  wire  m  steel  pianoforte  wirti  No.  2*2  B.  W,  G. 
(•()7  of  a  cm,  diameter),  wivd  the  hum  ure  ac^ured  to  it  in  the  fid  lowing  montier. 
Three  bnss  piiia  of  about  '4  of  a  centimetre  diameter  aru  fitted  loosely  in  each 
bar  in  the  pfTsition  as  indicated  ;  i,e,  forming  the  comera  uf  an  iaogceles  triamgnlmr 
figure^  with  ita  hmti  parullel  to  the  line  of  the  au,speDiliug  wire,  and  about  1  mm. 
to  one  aiile  of  it.  Thts  suspeniJiTjg;  wiie,  which  is  Uid  in  gTiiovejj  ont  in  the  pitia, 
in  pajsed  under  the  up[>or  pin,  ontBide  the  pin  fit  the  upex  of  the  triiingle,  over  tli© 
upper  Bid©  uf  the  lower  pm,  and  thence  down  to  the  ueil  Imr.  The  upper  end  of 
tbtii  wire  ia  Becnred  by  beiug  taken  through  a  hole  in  the  supporting  beitm  and 
aeveral  lums  ot  it  put  round  a  pin  placerl  oq  one  ariJe  of  the  hole,  indicated  in 
the  diftfimni.  To  each  end  of  the  |ieudnlnin  bar  u  nude  faat  a  flteel  uplral  eptiug 
a«  bltown  ;  tliQ  upper  ende of  thm enringij  bdng  ^^.Tured  to »hort  cordt^  which  pou 
up  thi  ont^b  hoitiii  hi  the  supporting  Wuu,  and  are  fas  tuned  by  two  or  three  tuma 
taken  round  tliu  pins.  These  uteel  spriaga  eerve  Aa  pott^ntLil  stores  of  vihmtional 
energy  allemfttioff  in  each  vihrfttioii  with  the  kinetic  store  nonetitutcd  bj  the 
pendiilum  btir.  The  ondd  of  the  vibrntiiij?  bars  (B)  iire  loaded  with  maasea  of 
lead  attached  to  them.  The  Toticb  larger  maiaei}  of  Wad  Been  on  the  pendnlnm 
biu*,  which  are  adjustHble  to  dilFercnt  positions  on  the  bar,  are,  in  the  diagmm, 
shown  at  tho  hinalleat  diBtonce  upiirt.  The  lowernioat  Imr  carrit-B  two  vanes  of  tin 
projeetifig  downwardi^  which  dip  into  viiicon»  litjnid  (treae^B  diluttt!  with  water) 
contained  in  the  vcniitl  <<;).  A  heavy  weight  resting  on  ihe  bott4>m  of  thU  vessel, 
and  f^ntiected  to  thu  lower  end  of  the  suiipendin)^  wire  by  aatretebed  indiarubbtir 
band«  servos  to  keep  the  lower  end  of  the  appamtuti  in  pusiliun.  The  period  of 
vibration  of  the  pendulum  hut  i&  adjuistablo  to  Any  daiired  itiaguitude  by  ahiftinc 
in  or  out  tlio  altuclted  weigh ta,  or  by  tighteuieg  or  rclaxiu^  thu  uonli  which  pull 
the  upper  ends  of  the  spiral  epringid. 
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Now  in  tbat  beautiful  experiment  well  known  us  Nowton^e  rings 
we  liivo  at  once  a  measure  of  length  in  the  difitanctj  botweea  two 
pieces  of  gUss  to  give  any  particulat  tint  of  colour.  The  wavti-loagth 
jroQiee,  in  the  distiuice  from  crest  to  crest  of  the  wave&  traveUing  up 
llio  loDg  model  when  I  commenoe  giTing  a  simplo  harmoiiio  06c illa- 
tion to  the  lowest  Ivar.  I  have  hore  a  coutci  leus  of  very  long  focns, 
Aud  a  piece  of  plato  gla^  with  its  bock  blackened.  When  I  press  the 
piece  of  gli^  against  thegUsa  blackened  behind,  I  eoe  coloured  rings; 
the  phenomenon  will  lie  shown  to  yun  on  the  scrt^en  hy  moana  of  the 
il^trio  light  rtfflectcd  from  the  space  of  air  between  the  two  pieces  of 
glaas.  This  phenomenon  wius  first  observed  by  Sir  laanc  Newton,  and 
was  first  cfplaiued  by  the  nndnlatory  theory  of  light,  [Nowton'a 
rings  are  now  shown  on  the  scr&en  before  yon  by  roUccted  electric 
light]  If  I  press  the  glasses  together,  you  see  a  dark  spot  in  the 
centre ;  the  rings  appear  round  it,  and  there  is  a  dark  centre  with 
imgnlarities.  Preasure  is  retinired  to  produce  that  spot*  Why  ? 
The  answer  generally  given  is,  because  glass  repels  glass  at  a  distance 
of  two  or  three  wave-lengths  of  light ;  say  at  a  distance  of  l-5000tli 
of  a  centimetre,  I  do  nut  holieve  that  for  a  moment.  The  seeming 
reptllaion  comes  from  shreds  or  particles  of  dust  botwecu  thorn.  The 
black  spot  in  the  centre  is  a  place  where  the  distance  between  thorn  is 
less  than  a  quarter  of  a  wAVe-length,  Now  the  wave-length  for  ycUow 
light  is  about  l-17,000th  of  a  centimetre.  The  quarter  of  M  7,000th 
is  about  1 -70,000th,  The  place  where  you  see  the  middle  of  that  black 
circle  corresponds  to  air  at  a  distance  of  less  than  l-70,000th  of  a 
ccintimetre.  Passing  from  this  black  spot  to  the  first  ring  of  masi- 
mnm  light,  add  half  a  wave-length  to  the  distance,  and  wo  can  tell 
what  the  distance  between  the  two  pieces  of  glass  is  at  thts  place; 
add  another  half  wave-length,  and  we  come  to  the  next  miiximum  of 
light  again ;  hot  the  colour  prevents  us  speaking  very  definitely 
btcause  we  have  a  number  of  different  wave-lengths  concerned.  I 
will  simplify  that  by  reducing  it  all  to  one  colour,  red,  hy  interposing 
m  red  glass.  Yon  have  now  one  eolonn  but  much  less  light  altogether, 
beoutse  this  glass  only  lets  through  homogeneous  red  light,  or  uot 
mQcli  besides^  Now  look  at  what  you  see  on  the  screen,  and  yoa 
have  unmistakable  evidence  of  fulcrums  of  dust  between  the  gloss 
Mr&eeo.  When  I  put  on  the  screw,  I  whiten  the  central  black  spot 
by  causing  the  elastic  glass  to  pivot,  as  it  were,  round  the  innnmerablo 
little  falcrnms  constituted  by  the  molecules  of  dust ;  and  the  pieces 
of  glass  are  pressed  not  again ht  one  another^  hut  a;;aiust  these  fulcrums. 
There  are  innumerable — say  thousands— of  little  particles  af  dust 
jammed  between  the  glass,  some  of  them  of  jMsrhivps  l-3000tli  of  a 
eentimetre  in  diameter,  soy  5  or  6  wave-lengths.  If  you  luyouo  jiicee 
of  glass  on  another,  you  think  you  are  pressing  glass  on  glass,  but  it 
is  nothing  of  the  kind  ]  it  is  glass  on  dust.  This  is  a  very  beautiful 
pheooQieiiOKij  and  my  first  object  in  showing  this  experiment  was 
limply  beeante  it  gives  us  a  linear  measure  bringing  us  down  at  once 
to  i-lOO.OOOth  of  a  eentimetre. 
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Now  I  urn  just  going  to  enter  a  very  littlo  into  detail  i^gErcling 
the  reasons  that  those  four  lines  of  argument  giro  ub  for  aseiginng  a 
limit  to  the  smalloesB  of  the  molecnleB  of  matter,  I  shall  take 
contact  electricity  first,  and  very  briefly-  If  I  take  these  two  piecea 
of  zioc  and  copper  and  touch  them  together  at  the  two  comers,  they 
become  electrified,  and  attract  one  another  with  a  perfectly  definite 
force,  of  which  the  magnitude  ie  asoertainefi  from  aheolote  meaetire- 
mentB  in  connection  with  the  well-established  doctrine  of  contact 
electricity,  1  do  not  feel  it,  becatiBe  the  force  is  very  amaJl.  Yon 
may  do  the  thing  in  a  measured  way  ;  you  may  plnce  a  little  metallic 
knoh  or  projection  on  one  of  them  of  1-1 00,00 0th  of  a  oenti meter, 
and  lean  the  other  again Bt  it.  Lot  there  be  three  such  littlo  metal  fact 
put  on  the  copper  ;  let  me  tonch  the  zinc  plate  with  one  of  them,  and 
turn  it  gradually  down  till  it  comee  to  touch  the  other  two.  In  this 
position,  with  an  air-space  of  l-100,000th  of  a  centimetre  between 
them,  there  will  he  positive  and  negative  electricity  on  the  zinc  and 
copper  BurfacoB  respectively,  of  such  quantities  as  to  Okme  a  mutual 
at tr notion  amonnting  to  2  grammes  weight  per  square  centimetre. 
The  amount  of  work  done  by  the  electric  attraction  upon  the  plates 
while  they  are  being  allowed  to  approach  one  another  with  metallic 
connection  between  them  at  the  comer  first  touched,  till  they  come  to 
the  distance  of  I,l00j000th  of  a  centimetre,  is  2'100,000th8  of  a  ccoti- 
metre-gtamme,  supponiug  the  area  of  each  plate  to  be  one  fiqnai^ 
centimetre. 

I  will  DOW  read  you  a  statement  from  an  article  which  was  pub- 
lished thirteen  years  ago  in  '  Nature.'  • 

«  Now  let  a  second  plate  of  zinc  be  brought  by  a  aimilar  ppocess 
to  the  other  side  of  the  plate  of  copper ;  a  second  plat©  of  copper  to 
the  remote  side  of  this  second  plate  of  zinc,  and  bo  on  till  a  pile  ia 
formed  con^iBting  of  50,001  plates  of  zinc  and  50,000  plates  of  copper, 
separated  by  100,000  apaoes,  each  plate  and  each  space  l-lOO^OOOth 
of  a  centimetre  thick.  The  whole  work  don©  by  electric  attiwition  in 
the  formation  of  this  pile  is  two  centimette-grammes. 

"  The  whole  mass  of  metal  is  eight  grammes,  Heuco  the  amount 
of  work  is  a  quarter  of  a  ceutimetre^gramme  per  gramme  of  metah 
Now  4030  contimetre-grammea  of  work,  according  to  Joule's  dynamical 
equivalent  of  heat,  is  the  amount  required  to  warm  a  gramme  of  zino 
or  copper  by  one  degree  Centigrade.  Hence  the  work  done  by  the 
electric  attracti*m  could  warm  the  substance  by  only  l-16,120th  of 
a  degree.  But  now  let  the  thicknesa  of  each  piece  of  metal  and 
of  each  intervening  spaco  he  1 -100,000,000th  of  a  centimetre, 
instead  of  1-100,0'  Oth.  Tlio  work  would  he  increased  a  million* 
fold  unless  1- 100,000,000th  of  a  centin^etre  approaches  the  smallDesB 
of  a  molecule.    The  heat  equivalent  wonld  therefore  he  enough  to 


•  See  article  "Oh  the  Size  of  Atoms,"  pnbU»hed  in  *Natnm,*  vol  i.  p.  551 ; 
pirinted  in  ThomnKm  unci  Ta£t*e  *  Natural  FhiInao]jhj/  iie<satid  alition,  1883,  vol.  i. 
part  2,  Ap[*Tiaix  F, 


on  (he  She  of  Atomi, 


191 


imiae  the  tempemtnre  of  %he  material  by  62**,  This  la  barely,  if 
At  «]1,  admissible,  according  to  our  present  knowledge,  or,  rather^ 
waul  of  knowledge,  regarding  the  heat  of  combinatioti  of  2inc  and 
copper*  But  snppose  the  metal  plates  and  intervening  spaces  to 
be  made  jet  four  limes  thinner,  that  is  to  saj,  the  thicknesg  of  each 
to  be  l-^OO.OOO.OOOth  of  a  centimetre.  The  work  and  its  heat 
eqmTiJent  will  be  increased  sixteen  fold.  It  would  therefore  be  990 
timee  aa  much  as  that  required  to  w^m  the  mass  hj  one  degree 
Getitigrade,  which  is  very  much  more  than  can  possibly  bo  produced 
hf  sine  and  copper  in  entering  into  molecular  combination.  Were 
tbere  in  reality  anything  like  so  much  heat  of  combination  as  this,  a 
mutore  of  zinc  and  copper  powders  wonld,  if  melted  in  any  one  spot, 
nm  together,  generating  more  than  heat  enough  to  melt  each  through- 
imt-f.  jost  aaa  large  quantity  of  gunpowder  if  ignited  In  any  one  spot 
bums  throngbont  withotit  fresh  application  of  heat.  Hence  plates  of 
zinc  and  copper  of  1-300,0 00, 000th  of  a  centimetre  thick,  placed  close 
together  alternately,  form  a  near  approximation  to  a  chemical  combina- 
tioOf  if  indeed  such  thin  plates  could  be  made  without  gplitting  atoms." 

In  making  brass,  if  we  mix  zinc  and  copper  together  we  find  no 
my  maniieet  signs  of  chemical  oiBnity  at  all ;  there  is  not  a  great 
dMl  cxf  beat  deTcloped ;  the  miiture  does  not  become  warm,  it  does  not 
taflode.  Hence  we  can  infer  certainly  that  contact-electricity  action 
ommm^  or  does  not  go  on  inereasing  according  to  the  same  law,  when 
the  metals  are  snbdivided  to  something  like  1-1 00, 000,000 th  of  a 
oentimetre.  Now  this  is  an  Bxccedingly  important  argumant.  I  hare 
more  decided  data  as  to  the  actual  magnitude  of  atoms  or  molecules 
lo  bring  before  yon  presently,  but  I  have  nothing  more  decided  in 
fmmg  for  certain  a  Umii  to  suppoaahle  ^malhiess.  We  cannot  reduce 
sine  and  copper  beyond  a  certain  thickness  without  putting  them  into 
a  eondition  in  which  they  lose  their  properties  as  wholes^  and  in 
which,  if  pat  together,  we  should  not  find  tbo  same  attraction  as  wa 
■hould  calculate  upon  &om  the  thicker  plates.  I  think  it  is  im- 
pcMnblef  Donsisteiitiy  with  the  knowledge  we  have  of  chemical  af&nitiea 
and  of  the  effect  of  melting  zinc  and  copper  together^  to  admit  that 
•  piece  of  copper  or  zinc  could  be  diYidcd  to  a  thinner  of  much  less, 
af  at  ftll  less,  than  1-1 00,000,000th  of  a  centimetre  without  sepa- 
Tiliiig  the  atoms  or  diWding  the  moleculeB,  or  doing  away  with  the 
•cmpontion  whtcb  constitutes  as  a  whole  the  solid  metal.  In  short, 
lbs  itmcture  as  it  were  of  bricks,  or  moleculee,  or  atoms,  of  which 
QDpper  and  due  are  built  up,  cannot  be  much,  if  at  aU,  less  than 
1-I00,000f000th  of  a  oentimetre  in  diameter^  and  may  be  oonsideiubly 
greater. 

Himil&r  eondnmons  result  from  that  curious  and  mo«t  intereatiug 
fiM^mpffT™,  tbe  toap-bubble.  Fbilosopbers  old  and  young,  who 
mvpj  4taiwolT»  with  soap-bubbles,  have  one  of  the  most  interesting 
subject*  of  physical  science  to  admire.  Blow  a  soap-bubble  and  look 
at  it, — ^you  may  study  all  your  life  perhaps,  and  etill  learn  lessons  in 
{ihysioBl  Boieooe  from  it.    You  will  now  see  on  the  screen  the  image 
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of  a  eoap-film  in  a  ring  of  metal.  The  light  is  reflected  from 
the  filling  that  ring,  and  foca&ed  on  the  screen.  It  will  ehow, 
as  you  see,  colours  analogous  to  those  of  Newton's  rings.  As  jtm 
see  the  image  it  is  upside  down.  The  liquid  streams  down  (up  in 
the  image),  aud  thins  away  from  the  highest  point  of  the  film.  First 
we  see  that  brilliant  green  colour.  It  will  become  thinner  and 
thinner  there,  and  will  pass  through  beautiful  gradations  of  colour 
till  you  see,  as  now,  a  deep  red,  then  much  lighter,  till  it  becomes  a 
dusky,  yellowish- white,  theo  green,  and  blue,  and  deep  violet,  and 
lastly  black,  but  after  you  see  the  black  spot  it  very  soon  bursts. 
The  film  itself  seems  to  begin  to  lose  its  tension,  when  it  gets 
considerably  loss  than  a  qnartor  of  the  wave-length  of  yellow  light, 
which  is  the  thickneea  for  the  dasky  white,  preceding  the  final  Hack. 
When  you  are  washing  your  hands,  you  may  make  and  deliberately 
observe  a  film  like  thiB,  in  a  ring  formed  by  the  forefingers  and 
thumbs  of  two  hands,  and  watch  the  colours.  Whenever  you  begin 
to  see  a  black  spot  or  several  black  spots,  the  film  soon  a^r  breaks. 
The  film  retains  its  strength  until  we  come  to  the  black  spot^  where 
the  thickness  is  clearly  much  less  than  1-6 0,000th  of  a  centunetre, 
which  is  the  thickness  of  the  dusky  white,* 

Newton,  in  the  following  passage  in  his  ^  Optics'  (pp.  iSTand  191 
of  edition  1721,  Second  Book,  Part  I,),  tells  more  of  this  important 
phenomenon  of  the  black  spot  than  is  known  to  many  of  the  best  of 
modem  observers, 

"  Obs.  17.— If  a  bubble  be  blown  with  water,  firet  made  tenacious 
by  dissolving  a  little  soap  in  it,  it  is  a  common  observation  that  after 
a  while  it  will  appear  tinged  with  a  variety  of  colours.  To  defend 
these  bubbles  from  being  agitated  by  the  eitomal  air  (whereby  their 
colours  are  irregularly  moved  one  among  another  so  that  no  accurate 
observation  can  be  made  of  them),  as  soon  oh  1  had  blown  any  of 
them  I  covered  it  with  a  clear  glasB,  and  by  that  means  its  colours 
emerged  in  a  very  regular  order,  like  so  many  concentric  rings 
encompassing  the  top  of  the  bubble.  And  as  the  bubble  grew  thinner 
by  the  continual  subsiding  of  the  water,  these  rings  dilated  slowly 
and  overspread  the  whole  bubble,  descending  in  order  to  the  bottom 
of  it,  where  they  vanished  successively.    In  the  meanwhile,  after  all 


*  Sitirtj  iJiiii  loctUTie  Wttb  delivered  a  paper  **0n  the  Limiting  ThiciktidM  of 
Liquid  Filniii,"  hy  Pn>P^^a*,lra  Hi'inold  ami  Ruoker,  hm  been  (*ouimaTiioalod  to 
the  EoT&l  Society,  and  an  abet  met  baa  been  publinh^Mi  in  thv  '  Prooeedlngt,' 
No,  225,  1883.  The  (authors  give  the  foUovitng  rduulta  for  the  thidcaeti  of  a 
black  film  of  the  liquids  epeiiilied : — 

U!\ii\4,  llAtbiMl.  Hcu  ThIckDH*. 

Plflteau^s "  Liquido  Eleetrifial.  '119  x  10-*cai. 

Glyre'rique"  Oplirail.  -107  „ 

8Mp8ulutiou.  Eleotrical.  -117 

Optical.  '121 
The  thickneHs,  theri'fore.  of  a  film  of  the  liquide  glyc^rique  &»d  ihut  of  a  film 
of  &  Bo&p  Bolutiou  t^ontaining  no  f^lyceriue  aro  aeorly  the  eame,  and  about 
of  tbe  vAve-lengtb  of  KKUom  light. 
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tbe  oolonzB  were  emerged  at  the  top,  there  grew  in  tha  centre  of 
the  rings  a  finuill  round  black  spot  like  that  lo  the  firet  obaervatiotip 
which  coDtinnaUy  dilated  itself  tiU  it  became  Bometimea  more  tban 
oiie>half  or  three-quartora  of  an  inch  m  breadth  before  the  bubble 
broke.  At  first  I  thought  there  had  been  no  light  niflected  from  the 
water  in  that  place,  but  obserTiDg  it  more  curiously  I  saw  within  it 
fieTeral  smaller  round  epotSj  which  appeared  much  blacker  and  darker 
than  the  rest,  whereby  I  knew  that  there  was  some  reflection  at  the 
other  placefl  which  were  not  bo  dark  as  those  spots.  And  bj  farther 
trial  I  fonnd  that  I  could  see  the  images  of  some  things  (as  of  a 
(mndle  or  the  sun)  very  faintly  reflected,  not  only  &om  the  great 
Idack  spot,  but  also  from  tbe  little  darker  spots  which  were  within  it. 

**Obft,  18. — If  the  water  was  not  very  tenacious,  the  black  spots 
would  break  forth  in  the  white  without  any  sonsibl©  interTeution  of 
the  blue.  And  sometimes  they  would  break  forth  within  the  pre- 
cedent yellow,  or  red,  or  perhaps  witbin  the  blue  of  tbe  second  order, 
before  the  intermediate  colours  had  time  to  display  themselves," 

N<iw  I  have  a  reason,  an  irrefragable  reason,  for  saying  tbat  the 
glm  cannot  keep  up  its  tensUe  strength  to  I -100,000,000th  of  a 
centimetre,  and  that  is,  that  the  work  whieh  would  be  required  to 
Etreich  tho  fllm  a  little  more  than  that  would  be  enough  to  drive  it 
into  Tapour. 

The  theory  of  capUlary  attraction  shows  that  when  a  bubble— a 
■oap-bahble,  for  instance — ^is  blown  larger  and  larger,  work  is  dona 
by  the  ^tretcUng  of  a  film  which  resists  extension  as  if  it  were  an 
elastic  membrane  with  a  constant  contractile  force.  This  contractile 
torn  is  to  be  reckoned  as  a  certain  number  of  units  of  force  per  unit 
«f  lireadth^  Obeerration  of  the  ascent  of  water  in  capillary  tubes 
ihnws  that  the  conttactile  force  of  a  thin  film  of  water  is  about  16 
mill  i  grammes  weight  per  millimetre  of  breadth.  Hence  the  work 
done  in  stretching  a  water  film  to  any  degree  of  thinneBs,  reckoned 
in  milUmetre-milSgrammcs,  is  c<|nal  to  sixteen  times  the  number  of 
ec^uare  millimetres  by  which  the  area  is  augmented,  provided  the  film 
is  not  made  8o  thin  that  there  is  any  sensible  diminution  of  its  con- 
Hactile  force.  In  an  article  "  On  the  Thermal  Effect  of  Drawing  out 
■  Film  of  Liquid,"  published  in  the  *  Proceedings '  of  the  Eoyal  Society 
for  April  1858, 1  have  proved  from  the  second  law  of  thermodynamitjg 
about  half  as  much  more  energy,  in  the  ahape  of  heat,  must  be 
glt«n  to  the  film,  to  provoDt  it  from  sinking  in  temperature  while  it  ia 
Wang  drawn  out*  Hence  the  intrinsic  energy  of  a  mass  of  water  in 
tbe  ibape  of  a  film  kept  at  constant  teuiperatnre  increases  by  24 
milligiamme-millimotres  for  every  Sf^u&re  millimetre  added  to  its 
•na. 

Snppoee,  then,  a  film  to  bo  given  with  the  thickness  of  a  milJimetro, 
iad  snppotd  it«  area  to  be  augmented  ten  thousand  and  one  fold :  the 
Work  done  peir  square  millimetre  of  the  original  film,  that  is  to  say 

inalligrumne  of  the  mass,  would  be  240^000  millimetre-milli* 
giMff^    The  heat  equivalent  to  ibis  is  more  than  half  u  degree 
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Centigrade  (0  *67^)  of  elevation  of  temperature  of  the  substance.  Tho 
thickiiefifi  to  whicli  the  film  is  reduced  on  this  suppoeition  la  ¥«ty 
•pproximfttely  l-10,000th  of  a  mUliinetre.  The  commoneet  obserra- 
tioiL  on  the  soap-bubble  shows  that  there  is  no  sensible  diminulion 
of  eotitractile  force  by  raduotioiL  of  the  thicknoss  to  l-10,000th  of  & 
millitiietrc ;  inafimuch  as  the  thkkneas  which  gives  the  first  tnadraum 
brightnesB,  round  tho  black  Bpot  seen  where  the  biibble  la  thinnest^  is 
only  about  1 -8000th  of  a  millimetre. 

The  very  moderate  amount  of  work  shown  in  the  preceding  cKti- 
mates  is  quite  consistent  with  this  deduction.  But  suppose  now 
tho  film  to  be  farther  stretched  until  its  thickness  is  reduced  to 
1-I0j000,000th  of  a  millimetre  (1-1 00,0 00,000th  of  a  centimetre). 
The  work  spent  in  doing  this  is  two  thougand  times  more  than  that 
whicli  we  have  just  calculated.  Tho  heat  equiraleut  is  280  times  the 
quantity  required  to  raise  the  temperature  of  the  liquid  by  1*  Centi' 
grade.  This  is  far  more  than  we  can  admit  as  a  possible  amount  of 
work  done  in  the  extension  of  a  liquid  film*  It  is  more  than  half  the 
amoimt  of  work  which,  if  spent  on  the  liquid,  would  convert  it  into 
Tapoiir  at  ordinary  atmospheric  pressure*  The  conclusion  ia  un- 
»Toidable,  that  a  water-film  falls  off  greatly  in  its  contractile  force 
before  it  is  reduced  to  a  thickness  of  l-lO}00D,OOOth  of  a  millimetre. 
It  ia  scarcely  possible,  upon  any  conceivable  molecular  theory,  that 
there  can  be  any  considerable  falling  off  in  tho  contractile  force  as 
long  as  thero  are  several  moleculee  in  the  thickness*  It  is  therefore 
probable  that  there  are  not  scTcral  molecolee  in  a  thickness  of 
l-10,000,OOOth  of  a  mitliraetre  of  waten 

Now  when  we  are  considering  the  snbdi vision  of  matter,  look  at 
those  beautiful  colours  which  you  see  in  this  little  casket,  left,  I 
believe,  by  Professor  Brando  to  the  Eoyal  Institution.  It  contains 
polished  stoel  bars,  coloured  by  having  been  raised  to  different  de^ees 
of  heat,  as  in  the  process  of  annealing  hard-tempered  steel*  These 
colours,  produced  by  heat  on  other  polished  metals  besides  steel,  are 
due  to  thin  films  of  transparent  o^ide,  and  their  tints,  as  those  of 
the  soap-bubble  and  of  the  thin  apace  of  air  in  *'  Newton's  rings/* 
depend  on  the  thickness  of  the  film,  which,  in  the  case  of  oxidisable 
metals^  forms,  by  combination  with  tho  oxygen  of  the  air  under  the 
influence  of  boat,  a  true  surface-burning. 

You  are  all  familiar  with  the  brilliant  and  beautifully  distributed 
fringes  of  beat-colours  on  polished  steel  grates  and  fire-irons  escaping 
that  unhappy  rule  of  dometitic  Eestbetics  which  too  often  keeps  those 
articles  glittering  and  cold  and  useless,  instead  of  letting  them  show 
the  exquisite  play  of  warm  colouring  naturaUy  and  inevitably  brought 
out  when  they  are  used  in  the  work  which  is  their  reason  for  exist- 
ence. The  tliiekness  of  the  film  of  oxide  which  gives  the  fiirst 
perceptible  colour,  a  very  pale  orange  or  buff  tint,  duo  to  the  en- 
feeblement  or  extinction  of  violet  light  and  enfeeblement  of  blue*  and 
less  enfeoblement  of  the  other  colours  in  order,  by  interference  of  the 
reflections  from  the  two  surfaces  of  the  film,  is  about  l-100,000th  of 
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m  cell  time  fcre,  being  some  thing  lees  than  a  quarter  WEve-length  of 
Yiokt  light  iD  the  oxide. 

The  exceedingly  eearchiDg  and  detectiTo  efficacy  of  electricity 
cooifiB  to  OUT  aid  bore,  and  by  the  force,  as  it  were^  gpread  through 
such  ft  film,  proTCB  to  us  tho  esdstenee  of  the  film  wLen  it  is  causider- 
ably  ihiatier  thao  that  1-lOOjOOOth  of  a  oeutitnetre,  whea  in  fact  it  is 
ao  rery  thin  as  to  produce  absolutely  no  perceptible  effect  on  the 
reflected  lights  that  is  to  eay,  so  thin  as  to  be  absolutely  inTtaible. 
If  in  the  apparatus  for  measuring  contact  electricity,  of  which  the 
dzmwing  is  before  yon  Nature,*  toI,  ixiii,  p.  567),  two  plates  of 
freshly  jx^liabed  copper  be  placed  in  tho  Volta  condenser,  a  very 
perfect  2CTO  of  effect  m  obtained.  If,  then,  one  of  the  plates  be 
Iftketi  out,  heated  slightly  by  laying  it  on  a  piece  of  hot  iron,  and 
then  allowed  to  cool  again  and  replaced  in  the  Volta  condenBor,  it  ie 
found  that  negative  electricity  becomes  condenaed  on  the  Burfaco  thoa 
treated,  and  poaitiye  electricity  on  the  bright  copper  surface  facing 
it«  when  the  two  are  in  metallic  connection.  If  the  same  process  be 
r^^eated  with  somewhat  higher  temjieratures,  or  somewhat  longer 
limfia  of  ei|KHnire  to  it,  the  electrical  difference  is  augmentod.  These 
flibeti  an  wy  sensibie  before  any  perceptiblo  tint  appeare  on  the 
irarfaoe  as  modified  by  heat.  Tho  effect  goes  on  increaaing 
wiih  higher  and  higher  temperatures  of  the  heating  influence,  until 
node  tints  begin  to  appear,  commencing  with  baif,  and  going  on 
dkmogh  a  ruddier  colour  to  a  dark>blue  slata  colour,  when  no  farther 
huatipg  seems  to  augment  the  effect,  Tho  greatest  contact-electricity 
effeot  which  I  thus  obtained  betiA'een  a  bright  freshly  polished  copper 
■ifffaoe  and  an  opposing  face  of  copper,  rendered  almost  black  by 
oxidation,  was  such  as  to  re<i[iiire  for  the  neutralising  potential  in  my 
mode  of  experimenting  *  about  ono-half  of  the  potential  of  a  Damell's 
oalL 

Somd  not  hitherto  published  oxperiments  with  polished  ailTsir 
plBtea,  whieh  I  made  fifteen  years  ago,  showed  mo  very  startlingly 
m  ^eetrie  in£ucnee  from  a  quite  infinitesimal  whiff  of  iodiue  vaponr* 
The  ^fleet  on  the  contact-electricity  quality  of  the  aurfaco  seems  to 
^  fin  oontinnously  from  the  first  lodgment,  to  all  other  tests  quite 
ioiparoeptihle,  of  a  few  atoms  or  moIeculoB  of  the  attacking  substance 
(oxygeiit  or  iodine,  or  sulphur,  or  chlorine,  for  example),  and  to  go 
qa  mcreasing  until  some  such  thickuesd  as  l-30,000th  or  1^0,000th 
«f  »  MitiiEidtre  is  reached  by  the  film  of  omde  or  iodide,  or  whatever 
il  may  b«  that  is  formed, 

Tho  subject  is  one  that  descrrts  much  more  of  careful  experi- 
MBld  work  and  measurement  than  has  hitherto  been  devoted  to  it, 
I  yioiia  to  it  at  present  to  point  out  to  you  how  it  is  that  by  this 

*  FInt  deacribed  in  a  letter  to  Jonle,  puhlinbed  in  the  *  ProeeediiigB  of  the 
Ul«af|-  asd  FJtthMophlcal  Sooietj  of  Mancbevter '  of  Jan.  21, 1862,  where  a] no  I 
Ijvt  points  out  the  dmaonstratlon  of  a  limit  to  the  aIm  of  moleeuloa  from 
■iwiiiiliiiiinnTi  of  <ioDtaci-«)livfcricitr«  Thd  mode  of  meftjsurement  is  more  fuUj 
dhaafbpd  is  tito  artiDlo  of  *  Nature  ^  (vol.  xxui.  p.  507),  referrfid  to  aboTc. 
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electric  Oiction  we  uro  enabled  as  it  were  to  flound  the  depth  of  tLe 
ocean  of  molecules  nttracted  to  tbe  metaHie  Burface  by  the  vapour  or 
gas  entering  into  combination  with  it. 

Wbon  we  come  to  tbicknessea  of  coDBiderably  leee  tban  a  wave- 
longth  w©  find  solid  metala  becoming  tranRpareiit.  Through  the 
kindneas  of  Prof.  Dewar  I  am  able  to  Bhow  yon  some  exceedingly 
thin  films  of  meaeured  thickneseee  of  platinum,  gold,  and  Bilver, 
placed  on  glass  plates*  The  platinum  i&  uf  1  '9  x  10~'^um«  thicknesg, 
and  IB  quite  opaque;  bnt  here  ie  a  gold  film  of  about  the  same 
thickness,  which  is  transparent  to  the  electric  light,  as  you  see^  and 
transmits  the  beautiful  green  colour  which  you  see  on  the  screen. 
Tho  thicknefis  of  this  gold  (l'i>^  or  nearly  2)  is  just  half  the  wave- 
length of  violet  light  in  air.  This  transparent  gold,  transmitting 
green  light  to  tke  screen  as  you  see,  at  the  same  time  reflects  yoUow 
light  to  tho  ceiling.  Now  I  will  show  you  the  silver.  It  is  thinner, 
being  only  1  '5  x  10~*  of  a  centimetre  thick,  or  fths  of  the  air-wave- 
length of  violet  light.  It  is  quite  opaque  to  the  electric  light  so  far 
as  our  eyes  allow  us  to  judge,  and  rofiects  all  the  light  up  to  the 
eeiling.  It  is  not  wonderful  that  it  should  be  opaque;  wo  might 
wonder  if  it  were  othorwise ;  but  tliere  is  an  invisible  ultra-violet 
light  of  a  small  range  of  wave-lengths,  including  a  zinc  line  of  air 
wave-longth  3'4  x  10~",  which  this  silver  film  transmits.  For  that 
particular  light  the  silver  film  of  1-5  x  10~*  thickness  is  transparent 
Thd  image  which  you  now  see  on  the  screen  is  a  magic  lantern  repre- 
eentfttion  of  the  self-photographed  spectrum  of  light  that  actually 
came  through  that  silver.  Ton  see  the  zinc  line  very  clear  across 
it  near  its  middle.  Here  then  we  have  gold  and  silver  transparent. 
The  silver  is  opaque  for  all  except  that  very  definite  light  of  wave- 
lengths from  about  3-07  to  3-32, 

The  different  rofrangibility  of  difreront  colours  is  a  result  of 
observation  of  vital  importance  in  the  question  of  the  size  of  atoms* 
You  now  see  on  the  screen  before  yon  a  prismatic  spectrnm,  a  well- 
known  phenomenon  produced  by  the  differences  of  the  refractions  of 
the  different  colours  in  traversing  the  prism.  The  explanation'  of  it 
in  the  nndulatory  theory  of  light  has  taxed  the  powers  of  mathc* 
maticians  to  tho  utmitst.  Look  first,  however,  to  what  is  easy  and 
made  clear  by  that  diagram  (Fig*  3)  before  yon,  and  you  will  easily 
Qnderstand  that  refraction  depends  on  difference  of  velocity  of  propa- 
gation of  light  in  the  two  transparent  mediums  concerned*  The 
angles  in  the  diagram  are  approximately  eorrectf  for  refraction  at  an 
inter&ce  between  air  or  vacuum  and  flint  glass  ;  and  you  see  that  in 
this  case  the  velocity  of  propagation  is  less  in  the  denser  medium. 
The  more  refractive  medium  (not  always  the  denser)  of  the  two  has 
the  less  velocity  for  light  tranfimittod  through  it.  The  '*  refractive 
index  "  of  any  transpareot  medium  is  tho  ratio  of  the  velocity  of  pro- 
pagation in  the  ether  to  the  velocity  of  propagation  in  the  transparent 
substance. 

Now  that  the  velocity  of  the  propftgation  of  light  should  be  dif- 
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ferent  in  diSeretit  mediams,  and  should  in  most  cases  be  BinoHer  tu 
the  dauser  than  in  the  less  dense  medium,  ie  quite  what  we  ehould, 
aeooiding  to  d jBMnical  priociplesj  eipect  from  any  conceivable  euneti- 
tntiou  of  the  lamioiferous  ether  and  of  palpable  transparent  Butotanee. 
Bat  that  the  Telocity  of  propogation  in  any  one  transparent  substance 
ehould  bo  different  for  light  of  difforout  colours,  that  is  to  say,  of 
liferent  periods  of  Tibration,  is  not  what  we  ehould  expect^  and  could 
not  poifiibly  be  the  fact  if  the  medium  is  homogeneous,  without  any 
limit  ae  to  the  smallness  of  the  parte  of  which  the  qualities  are  com- 
pued.  The  fact  that  the  velocity  of  propagation  does  depend  on  tho 
period,  gives  what  I  believe  to  be  irrefragablo  proof  that  the  substauce 


Diiigmm  of  Huygbeo's  ooDstmotion  for  wav6  front  of  rafmcted  light 
Drawn  for  light  pasaipg  from  Mr  to  flint  gl^. 

of  pftlfMibld  transparent  matter,  such  as  water,  or  glass,  or  the  bisul- 
phuret  of  carboB  of  this  prism,  whose  spoctmm  is  before  you,  ib  Dot 
infinitely  homogeneons ;  but  that,  on  the  contrary,  if  contiguous  por- 
tiona  of  any  such  medium,  any  medinm  in  fact  which  can  give  tho 
prismatic  colours,  be  examined  at  intervals  not  incomparably  email  in 
oompttriflon  with  the  wave-lengths,  utterly  heterogeneous  quality  will 
be  diioovered ;  such  heterogeneousness  as  that  which  we  understand, 
m  p*lp<ible  matter,  as  the  difference  between  solid  and  fluid;  or 
subfitanoes  differing  enormou^y  in  density ;  or  such  hetero- 
as  differ^oea  of  velodfy  and  direction  of  motion,  in 
it  positions  of  a  vortex  ring  in  an  homogeneons  liquid;  or 
dtflerencGs  of  material  occupying  the  space  exiimined,  as  we 
find  in  a  great  toMMB  of  brick  building  when  we  pass  from  brick  to 
brick  through  mortar  (or  through  t?oi'd,  as  we  too  often  find  in  8oot«h- 
boilt  domestic  brick  chimneys). 
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Cauchy  was,  I  belieTe,  tlie  first  of  m&ttieniaticiaaa  or  natnr&lkte 
to  allow  himself  to  be  dnToa  to  the  oooolueion  tbat  tbo  ixifmctivo 
diBperfiioo  of  light  can  only  be  accouJited  for  by  a  finite  degree  of 
molecular  coarBe-gminedneea  in  the  structure  of  the  transparent 
refracting  matter ;  and  aa,  however  we  view  the  question,  antl  how- 
ever much  we  may  feel  compelleil  to  differ  from  the  details  of  mole- 
cular structure  and  molecular  intor-action  assumed  by  Cauchy,  we 
remsio  more  and  more  surely  fortifiod  in  his  conclusion,  that  finite 
graintidneBS  of  tranepirent  palpable  matter  is  the  cause  of  the  dif- 
ference of  the  velocity  of  different  colours  of  light  propagated  thtough 
it,  we  must  regard  Cauchy  as  the  distsoverer  of  the  dynamical  theory 
of  the  prismatic  colours. 

But  now  we  come  to  the  grand  difficulty  of  Cauchj'a  theory.* 
Look  at  this  little  Table  (Table  II.),  and  you  will  egg  in  the  heading 
the  formula  which  gives  the  velocity,  in  terms  of  the  number  of  par- 
tides  to  the  wave-leu gth,  supposiug  tlie  medium  to  consist  of  equal 
particles  arranged  in  cubic  order^  and  each  particle  to  attract  its  sh 

Tablm  II.— VELoctrr  (7)  aooordino  to  Numbeb  (A*)  or  PjumcLSi  if 
Wave-Length, 


a 

63^64 

90-03 

s 

97-45 

13 

98-86 

16 

SO 

99*59 

100*00 

nearest  neighbours,  with  a  force  varying  directly  m  the  eicess  of  the 
distance  between  them,  above  a  certain  constant  line  (the  length  of 
which  is  to  bo  choseu,  Qccoi*ding  to  the  degree  of  oompressibOity 
posecssod  by  the  elastic  solid,  whicli  we  desire  to  reproaent  by  a 
crowd  of  mutually  interacting  molecules).  If  you  suppose  particles 
of  real  matter  arranged  in  the  cubic  order,  and  six  stoel  wire  spiral 
BpringSi  or  elastic  indiarubber  bands,  to  be  hooked  on  to  each  j^- 
ticle  and  stretched  betsvoeu  it  and  its  six  nearest  neighbours,  the 
postulated  force  may  be  produced  iu  a  model  with  all  needful 
accuracy ;  and  if  we  could  hut  succesefuUy  wish  the  theatre  of  the 
Royal  Institution  conveyed  to  the  centre  of  the  earth  and  kept  there 
for  five  minutes^  I  should  have  great  plensiu^  in  showing  you  a  model 
of  an  elastic  eolid  thus  constituted,  and  showing  you  wavca  propa* 


*  For  an  ttocoant  of  the  dynamical  theory  of  the  "  Biaperfion  of  Light,**  aee 
*  View  of  the  Undulatory  Theory  applied  tP  llie  Dispersion  of  Light,'  by  the 
Ker.  Baden  1*0 well,  M.A.,        (London,  1841.) 
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Sted  ihroni^      as  axe  waTes  of  light  in  the  luminifefoiis  ether. 
xwitj  18  the  inconyenient  aooident  of  our  actual  poBition  which 
prefents  mj  showing  it  to  yon  here  just  now.   Bat  instead,  yon  have 


Fig.  4.  Fro.  5. 


Twelro  particles  ia  Waye-Length. 


tiiess  two  wavB^nodels  (see  Fig.  2),  each  of  which  shows  yon  the 
diaplaoenieBtB  and  motions  of  a  line  of  particles  iu  the  propagation 
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of  a  wave  through  our  imaginary  three-dimeDsional  solid,  the  line  of 
xnolecnles  chosen  being  those  which  in  equilibrium  are  in  one  direct 

Fio.  6.  Fig.  7. 


Four  putideB  in  Wave-Length. 


straight  line  of  the  cubic  arrangement,  and  the  supposed  wave  having 
its  wave  front  perpendicidar  to  this  lino,  and  uie  direction  of  its 
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Wimlicm  the  dinoiion  of  one  of  the  other  two  direct  ILaes  of  the 
cabio  ammgement. 

You  hare  also  before  you  this  series  of  diagrams  (Figs.  4  to  9)  of 


Fmw  a  Fio.  9. 


Two  partiolM  in  WaTO-Length. 


wKfm  in  a  molecwlariy-oonBtitated  elastic  solid.  These  two  diagrams 
(Kgk  4  and  5)  iUnstrate  a  wave  in  which  there  are  twelve  molecnlee 
m  die  wave-lMigkh;  this  one  (Fig.  4)  showing  (by  the  length  and 
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position  of  the  arrows)  the  magnitude  and  direction  of  velocity  of 
each  nioleculo  at  the  iiiBtant  when  one  of  the  molecules  ts  on  the  crest 
of  tho  ware,  or  has  reached  its  maximum  displaoemeDt ;  that  quo 
(Fig,  £)  showing  the  magnitude  and  direction  of  the  rciloclties  after 
the  wave  has  advanced  Buch  a  dietaiice  m  (in  this  case  equal  to  I-24th 
of  the  wave-lengtb)  to  bring  the  crest  of  the  wave  to  midway  hetween 
two  molecules.  This  pair  of  diagrams  (Figs.  6  and  7)  shows  the 
earae  for  waves  having  four  molecules  in  the  wave-leugth,  and  this 
pair  (Figs.  8  and  9)  for  a  wave  having  two  molecules  in  the  wave- 
length. 

The  more  nearly  this  critical  case  is  approached,  that  is  to  eayt 
the  Bhorter  the  wave-lengtJi  down  to  the  limit  of  twice  the  distance 
from  molecule  to  moleculoj  the  leas  becomes  the  difference  between 
the  two  configurations  of  motion  constituted  by  waves  travelling  in 
opposite  directions.  In  the  extreme  or  critical  case  the  difference  is 
annulled,  and  the  motion  is  not  a  wave  motion,  but  a  case  of  what  is 
often  called  **  standing  vibration."  Before  I  conclude  this  evening  I 
hope  to  explain  in  detail  the  kind  of  motion  which  we  find  instead  of 
wave-motion  (become  mathematically  imaginary),  when  the  vibrational 
I)eriod  of  the  exciter  is  anything  less  than  the  critical  value,  because 
this  case  is  of  extreme  importance  and  interest  in  physical  optics, 
according  to  Stokes's  hitherto  unpublished,  explanation  of  phospho- 
rescence. 

This  suppoBition  of  each  molecule  acting  with  direct  force  only 
on  its  nearest  neighbour  is  not  exactly  the  postulate  on  which  Cauchy 
works-  He  supposes  each  molecule  to  act  on  all  around  it,  according 
to  some  law  of  rapid  decrease  as  the  distance  increases ;  but  this  must 
make  the  influence  of  coarse-grain odness  on  the  velocity  of  propaga^ 
tion  smaller  than  it  is  on  the  simple  assumption  realised  in  the 
models  and  diagrams  bofoie  you,  which  therefore  represente  the 
extreme  limit  of  tKe  efficacy  of  Cauehy's  unmodified  theory  to 
explain  dispersion. 

Now,  by  looking  at  the  little  table  (Table  II.)  of  calculated 
results,  you  wiU  see  that,  with  as  few  as  20  molecules  in  the  wave- 
length, the  velocity  of  propagation  is  99^  per  cent,  of  what  it  would 
be  with  an  infinite  number  of  molecules  ;  hence  the  extreme  difference 
of  propagation al  velocity,  accountable  for  by  Cauehy's  unmodified 
theory  in  its  idealised  extreme  of  mutual  action  limited  to  nearest 
neighbours,  amounts  to  1-2 00th,  Now  look  at  this  table  (Table  III,) 
of  refractive  indices,  and  you  see  that  the  difference  of  velocity  of 
red  light  A,  and  of  violet  light  H,  amounts  in  carbon  disulphide  to 
I>17th;  in  dense  fiint  glass  to  nearly  l-30th;  in  hard  crown  glass 
to  l-73rd;  and  in  water  and  alcohol  to  rather  more  than  1-lQOth, 
Hence,  none  of  these  substances  can  have  so  many  as  20  molecules  in 
the  wave-length,  if  dispersion  is  to  b©  accounted  for  by  Cauchy*s 
unmodified  theory,  and  by  looking  back  to  the  little  table  of  calculated 
results  (Tabic  11,),  you  will  see  that  there  could  not  be  more  than 
12  molecules  in  the  wavc'length  of  violet  light  in  water  or  alcohol ; 
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MaterUL 


Ecrd  Crown 


IS*  C. 


l  &f*  C, 


A 
B 
O 
D 
B 

F 

O 
li 
H 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


sua 

5i3C 

5171 
5203 
52t0 
5231 
5283 
5310 


1-6391 
1*6429 
1*6449 
ieS04 

I -651*1 
l(H4a 
1-6770 


1-3284 

laaoo 

1*3307 
1*^24 
1-3347 


1*3431 


1-3402 


1-70$0 


l*6H2 

l-6£40 
1-63:13 
1-&165 


1*6584 


1*3751 


I'SGOO 
1*3612 
1-3621 

i-sesa 

l'36fil 


1*3^3 
1*3720 


TSm  nttmbert  in  the  first  two  columns  were  detenuin&d  by  Dr.  HopkiiiBion, 
Qam  in  the  l&st  three  by  Met^si.  GUufstone  and  Dale.  Tbe  index  of  refraction 
of  Air  for  Ught  near  the  line  E  in  1  000294. 

mf  10  in  hard  crown  glass ;  8  in  flint  glass ;  and  in  carbon  disul- 
phido  actually  not  more  than  4  molecnles  in  the  wavc-leDgthf  if  we 
are  to  depend  npon  Canchy^s  unmodified  theory  for  tho  explanation 
of  dispetfiion-  Bo  large  ooarso-grainednesa  of  ordinarY  transparent 
bodiit,  oolid  or  fluid,  is  quite  nntenable.  Before  I  conclude,  I  intend 
Id  flhow  yon,  from  the  Unetic  theory  of  gases,  a  itiperior  Umii  to  the 
mma  molecnles,  acscording  to  which,  in  glaee  or  in  water,  there  is 
proWbtj  eome  thing  like  600  molecules  to  the  wave-length,  and 
ilmoft  certainly  ml  fmcer  than  2,  or  3,  or  400.  But  even  without 
siy  meh  definite  estimate  of  a  snperier  limit  to  the  size  of  moleenlos, 
Ibar^  are  many  reaaone  against  the  adiui&sion  that  it  is  probable  or 
^0»lbl«  thero  can  he  otdy  four,  or  five,  or  six,  to  the  wave-length* 
Thid  wy  dnwing,  by  Nobert,  of  4000  lines  on  a  breadth  of  a  miUt- 
nelr^,  or  at  tb©  rate  of  40,000  to  the  centimetre,  or  about  two  to  the 
€lfaer  wave^langth  of  blue  (F)  light,*  eeems  quite  to  negative  the  idea 
of  any  such  po«aibility  of  only  fivo  or  six  molecules  to  the  wave-lt^Dgth, 
even  if  we  were  not  to  declare  against  it  from  theory  and  obBcryation 
«f  lh«  fcfleotion  of  light  from  polished  fiurfaces. 

We  mnst  then  find  another  explanation  of  dispersion.  I  believe 
Ibm  is  another  explanation.  I  believe  that,  while  giving  np  Caucbj^s 
ttnntodiflcd  theory  of  dispersion,  we  shall  find  that  the  same  general 
pnneiple  is  applicable,  and  that  by  imagining  each  molecule  to  be 
loaded  in  a  eertain  definite  way  by  elastic  connection  with  heavier 
laaltei- — each  molecule  of  the  ether  to  havc^  in  palpable  tranflporei^ 
OtttteTf  ft  small  fringe  bo  to  speak  of  particles,  larger  and  larger  in 


*  Loadianfdt,  '^quoting  from  the  Zollvereins  department  of  ihe  Londoa 
lalafMtfQtial  Exhihitloa  of  1862,  p.  83,  and  from  Hatting  '  On  th€  Micrwcopet* 
IL  ttC  ^tMiaatigtberkbte  der  Wiener  Akademie  Math.  FIija,/  1U65.   Vol.  lit 
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their  Biicoessive  order,  elastically  connected  with  it — we  shall  have  a 
rude  mechameal  explaiiatien,  reoli  sable  bj  the  notablj  emy  addition 
of  the  proper  appliances  to  the  dynamical  models  before  yon,  to  ac- 
count for  refractive  dispersion  in  an  infinitely  fine-grained  structure* 
It  i»  not  seventeen  hoars  sinco  I  saw  the  possibility  of  this  explaoa- 
tion.  I  think  I  now  see  it  perfectly,  but  yon  will  excuse  my  not 
going  into  tho  theory  more  fully  under  the  oircumatanceB.*  The 
difficulty  of  Cauchy*s  theory  has  weighed  heavily  upon  mo  when 
thinking  of  briaging  this  subject  before  you,  I  could  tiot  bring  it 
before  yoii  and  say  there  are  only  four  particles  in  the  wave-length, 
and  I  could  not  bring  it  before  you  without  saying  there  is  some  other 
explanation.  I  believe  another  explanation  is  diEtlnctly  to  be  had  in 
the  manner  I  have  slightly  indicated. 

!N^ow  look  at  those  beantiful  distributions  of  colour  on  the  screen 
before  you.  They  are  dififraction  spectruraa  from  a  piece  of  glasa 
ruled  with  2000  lines  to  the  inch.  And  again  look,  and  you  boo  one 
diffraction  spectrum  by  reflection  from  one  of  Euthorford's  gratings, 
in  which  there  are  17,000  lines  to  the  inch  on  poliBhed  speculuin- 
metal.  The  explanation  by  "  interference  "  is  sut^tantially  the  same 
as  that  which  the  undulatory  theory  gives  for  Newton's  rings  of  light 
reflected  from  the  two  surfaces,  which  you  have  already  seen.  Where 
lights  waves  from  the  apertures  between  the  successive  bars  of  tho 
grating  roach  the  screen  in  the  same  phase,  they  prod  ace  light; 
there,  again,  where  they  are  in  opposite  phases,  they  produce  darkness. 

The  beautiful  colours  which  are  produced  depend  on  the  places 
of  conspiring  and  opposing  vibrations  ott  tho  screen,  being  different 
for  light- waves  of  different  wavc-lengtbs ;  und  it  is  by  tlie  measnre- 
menta  of  the  dimcnsionB  of  a  diffraction  spectrum  such  as  the  first 
set  you  saw  (or  of  finer  spectrum s  from  coarser  gratings)  that  Fraun* 
hofer  first  (determined  the  wave-lengths  of  the  different  colours. 

I  have  now,  closely  bearing  on  the  question  of  the  size  of  atoms, 
thanks  to  X>r.  Tyndall,  a  most  bcautifiil  and  interesting  experiment 
to  show  you— the  artificial  "blue  sky,"  produced  by  a  very  wonderful 
effect  of  light  upon  matter,  which  he  discoverefl.  We  have  here  an 
empty  glass  tube— it  ia  "  optically  void,"  A  beam  of  electric  light 
passes  through  it  now,  and  you  see  nothing,  Now  the  light  is  stopped, 
and  we  admit  vapour  of  c4irbon  disulphide  into  the  tube.  There  is 
now  introduced  somo  of  this  vapour  to  about  3  inches  pressure,  and 
there  ia  also  introduced,  to  the  amount  of  15  inches  pressure,  air 
impregnated  with  a  little  nitric  acid,  making  in  all  rather  less  than 
the  atmospheric  pressure.  What  is  to  be  illustrated  here  is  the 
presence  of  molecules  of  sub  stances  produced  by  the  decomposition 
of  earbon  disulphide  by  the  light.  At  present  you  see  nothing  in  the 
tube ;  it  still  continues  to  be,  as  before  the  admission  of  the  vapours, 

*  Farther  examination  has  seem£<I  to  me  to  coafirm  this  flr«t  unpre«Hinn ;  and 
In  a  pa|ter  on  tlie  Dyu&miciil  Theory  of  Diaperaion,  read  before  the  Eoyn]  Society 
of  Edinburgh,  on  the  5tb  of  M^irnh,  I  bare  given  a  matliematiakl  iUTeiitigaUQU  of 
ih6  mibject,— W.      March  le, 


optically  transparent ;  bnt  gradually  yon  will  see  an  eKjmBite  bine 
cloud.  That  is  TyndalFs  **blad  eky."  Yon  see  it  now,  I  take  a 
Nksors  prism,  and  by  looking  through  it  I  find  the  azare  light  coming 
from  the  Taponrs  in  any  direction  perpendicular  to  tho  exciting  beam 
of  light  to  be  Tcry  completely  polarised  in  the  plane  through  my  eyd 
and  the  exciting  beam.  It  conaista  of  lightr-vibrations  in  one  definite 
diiection,  and  that,  Eks  finally  demonstrated  by  Professor  Stokes,  it 
seems  to  me  beyond  all  donbt,  through  reaBoniug  on  this  phenomenon 

polariBatioii,*  which  be  ha^l  observed  in  Tarious  experimental  ar* 
rangementfl  giving  minute  solid  or  liquid  particles  scattered  throngb 
a  lrans|}areiit  medium,  must  be  the  direction  porpendiciilar  to  tbo 
plane  of  polarisation. 

Wbat  yon  are  now  about  to  see,  and  what  I  teU  yon  I  bave  seen 
through  the  NicoVs  prism,  is  due  to  what  I  may  call  secondary  or 
dsrived  waves  of  light  diverging  from  very  minute  liquid  ephoruleSj 
ooiiddnsed  in  consequence  of  the  chemical  decomposing  iDfluonco 
exerted  by  the  beam  of  light  on  the  matter  in  the  tube,  which  waa  all 
gaaeous  when  the  light  was  6rst  admitted. 

To  understand  these  derived  waves,  first  you  must  regard  tbem  as 
doe  to  motion  of  the  ether  round  each  spherule  ;  the  spherule  being 
abooBt  absolutely  fixed,  because  its  density  is  enormously  greater  than 


•  Extract  from  Profefisor  8tokea*fi  paper  '*  Oa  the  Change  of  Rofrangibility  of 
Lfgbt,"  read  before  the  Koyal  Society,  May  27tb,  1852,  atjtl  pub! ia lied  iit  the 
■TMiaetiom'  for  that  date: — 

I63<  Now  ihia  rieault  appears  to  me  to  have  no  mtnote  beariog  on  the 
^Miltoo  of  the  direclionB  of  th«j  vlbrntioa  in  polarised  light.  So  loDg  as  the  gna- 
pftrtides  are  large  eompan^  wilLi  the  wa^ua  uf  light,  rcflcctioD  tukva  pla.ce 
m  ft  wowd  from  a  portion  of  tlie  Bnrfaou  of  a  lari^e  mlid  immer&ud  in  tiw  fluiil, 
maii  DO  ocDeltuioo  can  be  <liawn  either  vaj.  But  if  ihe  dianieten  of  the  particles 
be  mutli  oompaied  with  the  length  of  a  wa?e  of  light,  it  Beemn  plain  that  the 
vibeatiocii  in  a  lefteotod  ray  oannot  he  perpendicalai  to  the  Tibratinaa  in  the  inoi- 
deut  lar.  Let  na  mwme  for  the  pireaent,  that  la  the  ooae  of  the  beatuB  actually 
oba^eo,  ^0  itupenovd  paiiidei  weie  imall  ooinpHTed  with  the  kngth  of  a  wavo 
of  HgbL  OInemtiofi  aim  wed  that  the  reflect &1  ray  w«i  polarited.  Now  »U  the 
•AfieamiioeB  prnented  by  a  plane  polarised  tny  are  Bymmelrical  wtth  refipect  to 
me  bbuKe  of  polariBation.  Heace  we  have  two  directional  to  chtiose  between  for 
fbe  direetioxi  of  the  Tibretiond  in  the  reflected  ray,  Dninely,  that  of  the  lacident 
nj.  and  a  direction  perpendiciitar  to  both  the  incident  an^i  tUe  reflected  mye. 
Tbe  t&Tmf:T  would  be  necessarily  perpeodirular  to  the  dtrectiona  of  vibratton  in 
^  tnotdeat  raj,,  and  ifaecefore  we  nm  obligt.'d  to  choose  tlic  Littor,  iLntj  conae- 
mamHj  to  vappose  that  the  Tibratioua  of  plane  polarised  tight  are  perpend iciilir 
to  tiyt  fitm  of  polartBOtioti,  since  expertraent  «howa  ihivt  tho  pLLu^i^  of  pularLtutiou 
oif  Hke  refieeted  my  is  the  pl^ne  o\  reflection.  According  to  thia  ilteory,  if  we 
itaoliv  tbe  rtbraiions  in  the  [beri^ntal]  ineident  ray  horizontally  aud  verticuUy^ 
Iba  naolTed  parti  will  correspond  to  the  two  rays,  pfilari^ed  rt^apectiyety  in  and 
piiytpdiailarty  to  the  plane  of  refluctioot  into  whicJi  the  ineideot  my  inay  ha 
woemwvd  to  be  difided*  and  of  these  the  f dinner  alooe  ib  capable  of  rurnii^ljiog' 
a  ....  .  ray  refleetid  vertbally  opwaida  [to  be  aeeu  by  an  e^^e  above  the  linc!  of 
tba  laeideDt  rajr»  «id  lookiog  T«rtically  dawuwards].  And,  m  foet,  oburvution 
•how*  that^  m  aider  to  qneoc^h  the  di^perti^d  beam,  it  i^  BofBi^ient^  ioatead  of 
Maljiliig  Ibe  r«fleettd  Ik^t,  to  polariie  the  inrideot  light  in  a  plane  perpeodieiUar 
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timt  of  tho  ether  Burrounding  it  The  motloa  that  the  ether  had  in 
virtue  of  the  exciting  beam  of  light  alone,  befoiHa  the  aphemles  came 
into  existence,  may  be  regarded  as  being  compotmfiod  with  the  motion 
af  the  ether  relatively  to  each  spherule,  to  pioiduce  the  whole  reeultaiit 
motion  eipcrienced  by  the  ether  when  the  bimm  of  light  passes  along 
the  tnbo,  and  azure  light  ia  seen  proce^ing  from  it  laterally.  Now 
thiB  second  component  motion  is  clearly  the  same  as  the  whole  ntotion 
of  the  ethor  would  he,  if  the  exciting  light  were  annulled  and  each 
spherule  kept  vibrating  in  the  opposite  direotiou,  to  and  fro  through 
the  Bame  range  as  that  which  the  ctber  in  its  place  had»  in  virtue  of 
the  exciting  light,  when  the  epherulo  was  not  there. 

Supposing  now,  for  a  moment,  that  without  any  exciting  beam  at  all, 
a  large  number  of  minute  fipherulee  are  all  kept  vibrating  through 
very  small  ranges  •  parallel  to  one  Hue.  If  you  place  your  eye  in 
the  plane  through  the  length  of  the  tube  and  perpendicular  to  that 
line,  you  will  eee  light  from  all  parts  of  the  tube,  and  this  light  which 
you  see  wiU  oonsiat  of  vibrations  parallel  to  that  line.  But  if  you 
place  you  eye  in  the  lino  of  the  vibration  of  a  spherule,  situated  about 
the  middle  of  the  tube,  you  will  Bee  no  light  in  that  direction ;  but 
keeping  your  eye  in  the  same  position,  if  you  look  obliquely  towards 
either  end  of  the  tube,  yon  will  see  light  fading  into  darkness,  as  yon 


*  In  tho  following  question  of  the  r^nt  Bmilh^s  Vrize  Exatoi  nation  at 
OambHdife  (paper  of  Tueeday,  Jan.  30,  1883),  the  djiiftmit)«  of  the  stibjeel,  and 
pftrtiouliirly  the  motion  t>f  the  ether  produced  by  keeping  n  single  ephernle 
embedded  in  it  vihrating  to  and  fro  in  u  atmight  line,  are  Ulufltmted  in  parta 
(a)  and  (d)'.— 

"  S.  Ffoiti  tb«i  known  phenomenon  that  Che  light  of  $r  doudJess  blue 
i1ewt?d  in  any  dirt^tif>n  perpcndienlar  to  the  Hiin'*  direciion,  i»  alntoat  wholly 
fwlari^d  in  the  plhne  through  tht^  i»un,  assuming  that  thlh  lii^ht  is  due  to  particloa 
of  m&tti'r  of  diametere  wuull  in  oompariion  with  the  wiiye-lttagth  of  light,  prove 
that  the  direction  nf  the  \ibrutionB  of  plane  polari!}i.Hl  light  U  perpend iculiir  to  the 
plane  of  pylai-iH&tion. 

"  (5)  Show  til  At  the  equation;^  <j{  motion  of  a  homogene<>i^  ifiotropie  elastic  aolid 
of  unit  density,  are 

rfF  =  <'  +  *"'j7+'"'^' 

where  k  denotefl  tho  fnodnh]fl  of  renistanoe  to  CKHnpresiion  ;  a  th«  rigidity-moduliu  : 
a,  fij  7,  the  oomponenta  of  diBpla<»ineiit  at  (r,       0 :  and 
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(c)  8how  that  every  poaaible  aolulion  b  included  in  the  following  i-^ 
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tim  jouv  eye  from  either  end  towards  tho  middle.  Hcnce»  if  the 
exciting  beam  be  of  plane  polarised  light — that  is  to  say,  light  of  which 
ill  the  vibratioim  are  parallel  to  one  lino — and  if  you  look  at  the  tnbe 
in  the  direction  perpendicnlar  to  this  line  and  to  the  length  of  the 
tube,  yoQ  will  see  light  of  which  the  yibrations  will  be  parallel  to 
that  same  line.  Bnt  if  you  look  at  the  tube  in  any  direction  parallel 
to  this  line,  you  will  see  no  light ;  and  the  lino  along  which  you  see 
no  light  is  the  direction  of  the  vibrations  in  the  exciting  beam  ;  and 
this  direction,  as  we  now  see^  is  tho  direction  porpondicular  to  what 
IB  teebniadly  called  the  plane  of  polarisation  of  the  light.  Hero, 
you  have  Stokes's  experimentum  ^rucis  by  which  he  has  answered, 
m  seems  to  mo  beyond  all  doubt,  the  old  vexed  question— -Whether  is 
tbe  "ribration  perpendictdar  to,  or  in  the  plane  of  polarisation  ?  To 
show  yon  this  experiment,  instead  of  using  nnpolarised  light  for  the 
exciting  beam,  as  in  the  prcvioUB  cicperiment,  and  holding  a  small 
Nioors  prism  in  my  hand  and  telling  you  what  I  saw  when  I  looked 
throngh  it»  I  place,  as  is  now  done,  this  great  Nicora  prism  in  the 
course  of  the  beam  of  light  before  it  enters  the  tube.  I  now  turn  tho 
Kieol'fl  prism  into  different  directions  and  turn  the  apparatus  round, 
BO  that,  sitting  in  all  parts  of  the  theatre,  you  may  all  see  the  tube  in 
the  proper  direction  for  succcssivo  phenomena  of  "light,"  and 
"  no  light'*  Yon  see  them  now  exactly  fulfilling  the  description 
wbich  I  gave  you  in  anticipation.  If  each  of  you  had  a  Nicol's  prism 
in  your  hand,  yon  would  learn  that  when  you  see  light  at  all^  its  plane 
of  polarisation  ie  in  the  piano  through  your  eye  and  the  axis  of  the 
tube ;  and  I  hope  you  all  now  perfectly  understand  the  proof  that  the 
direction  of  vibration  ia  perpendicular  to  this  plane. 

Now  I  want  to  bring  before  you  something  ^hich  was  taught  me 


who*  «» V  are  snch  thai 
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"Find  (iiflSorential  eqimtfoni  for  the  deteimination  of  4^,  if,  t?,  ir.  Find  tho 
R^iectiTe  waTe-vdocii^caii  for  the  i^B^ilution,  aod  for  tho  iu>  **i  t^)-solutlon. 

*(<f)  Prove  the  folio ^ing  to  be  solutToaat  nnd  inter jirot  eacli  for  va]u<?s  nf 
f  [^(**  -|>  y*  +       ^ery  great  io  comfMirifion  with  h  {{he  wavo-loo^b). 
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a  long  time  ago  by  ProfesBor  Stokes ;  and  year  after  year  I  have 
begged  him  to  pnbliish  it,  but  lie  has  not  done  bo,  and  so  I  hare  asked 

Fig.  10. 
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li 

Diagram  showing  the  different  amplitodes  of  yibration  of  a  row  of  particles 
osoillating  in  a  period  less  than  their  luut  wa?B-period. 

him  to  allow  me  to  8{>eak  of  it  to-night.  It  is  a  dynamical  explanation 
of  that  wonderful  phenomenon  called  fluoresconoo  or  phosphorescence. 


m  ihe  She  of  Atmns^ 


Tbe  priiieipld  is  Mechanically  repreBented  hj  dua  model  (described 
«l)ove  with  reference  to  Fig,  2).  A  simple  harraonic  motion  is, 
AS  J  on  nowr  e^,  eustained  by  my  band  ia  the  nppormost  bar,  in 
A  period  of  ftbotut  four  seoonda^  You  aee  that  »  regular  wave- 
motion  t]ii?els  dowti  tbe  line  of  muiecules  represented  by  these 
circnl&r  difiks  on  the  onds  of  the  bars,  and  the  energy  continually 
giTen  to  the  top  boTt  by  my  hand,  is  continually  cunaumed  in  heating 
thfi  basiii  of  treacle  and  water  at  the  foot.  I  now  remove  my  hand  and 
leAve  the  whole  system  to  iteelf.  The  very  considerable  euni  of 
kinetic  and  potential  onergit^s  of  the  large  niasses  and  fspiml  springs, 
attached  to  the  top  b^Lr,  is  grftdunlly  spent  in  sending  the  diminiebiiig 
series  of  waves  down  the  Uue,  and  is  ultimately  eon  verted  into  beat 
in  the  treacle  and  water.  Yon  eee  that  about  half  of  the  amplitude 
of  Tibration,  and  therefore  three-fourths  of  the  energy,  is  lost  in  half 
A  minate. 

You  will  see  on  quickening  the  oscillation  how  very  different  the 
Miilt  will  be.  The  quick  oscillations  which  I  now  give  to  the  top 
bftT  (the  period  having  boea  reduced  to  about  one  and  a  half  seconds^^ 
ift  iueapable  of  sending  wares  along  the  line  of  molecules  ;  and  it  is 
thai  rftpid  oeoillation  of  the  particles  which,  according  to  Stokes,  con- 
tftitiiteB  latent  or  stored  up  light.  Remark  now  that  when  I  remove 
toy  liuid  from  the  top  bar,  as  no  waves  travel  down  the  line,  no  energy 
i«  spent  in  the  treaele ;  and  the  vibration  goes  on  for  ever  (or,  to  bo 
iDGre  etact^  say  for  one  minute)  as  you  see,  with  no  logs  (or,  to  he  quite 
in  accordance  with  what  we  see,  let  me  say  scarcely  any  sensible  loss), 
Tliia  10  a  mechanical  model  correctly  illustrating  the  dynamical 
niuciple  of  Stokes's  explanation  of  phosphorescence  or  stored-np 
H^t,  stored  as  in  the  now  well-known  Inminous  paint,  of  which  you 
see  the  action  iu  this  specimen,  and  in  the  phosphorescent  sulphides  of 
lime  in  these  glass  tubes  kindly  lent  by  Mr.  De  La  Buc  (Eiperi- 
ment  shown.) 

Now  I  will  show  you  Stokes's  phenomenoii  of  fluorescence  in  a 
|jiee  of  manimn  glass,  I  hold  it  in  the  beam  from  the  electric  lamp 
diaperced  by  the  prism  as  you  see.  You  see  the  uranium  glass  now 
visible  by  being  illuminated  by  inviaiblo  rays.  Tho  rays  by  which  it 
is  iiltuniiiated  even  before  it  comes  into  the  visible  rays  are  manifestly 
invisible  eo  far  as  the  screen  receiving  the  spectrum  is  a  test  of 
visibility ;  because  the  uranium  glass^  and  my  hands  holding  it,  throw 
iko  liiadow  <in  the  screen.  Also  you  see  the  uranium  gloss  which  I 
Ud  in  my  hand  in  the  ultra-viotet  light,  while  you  do  not  see  my 
kttfL  I  now  bring  it  nearer  the  place  where  you  see  the  air  (or 
tiihor  llie  dost  in  it)  illuminated  by  the  violet  light :  Etill  no  shadow 
06  ibd  acnen^  but  the  uranium  glass  in  my  huTid  glowing  more 
WHiftBtly  with  ita  green  light  of  very  mixed  constitution,  consiBting 
<M  wwm  af  longer  periods  than  that  of  the  ultra-violet,  which  the 
mrfliiMit  of  shorter  period  than  that  of  violet  light,  causes  the 

priidia  of  the  urauium  glass  to  emit.  This  light  is  altogotber  un- 
pokriMd.    It  WW  the  absolute  want  of  polarisation,  and  the  fact  of 
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its  periods  being  all  less  tlmn  tboso  of  tho  osciting  li^h%  tliat  led 
Stokes  to  distinguish  this  illuminatitm.  whicb  you  sckj  in  tho  uranium 
glasj^,*  from  the  mere  moleciilftr  illtituinatioti  (alw&ye  puhirieed 
partially  if  not  csompletelyj  and  always  of  the  same  period  aa  that  of 
the  Giciting  light)  which  we  were  looking  at  prieviously  in  Dr, 
Tyndairs  experiment 

StokoB  gave  tho  name  of  fluorcscenco  to  the  glowing  with  light  of 
larger  period  than  tho  exciting  light,  bccaiiso  it  is  obserred  in  flnor 
epar,  and  he  wished  to  avoid  all  hypothesis  in  his  choice  of  a  name. 
He  pointed  out  a  pttong  resemblance  between  it  and  tho  old  known 
phenomenon  of  phosphorescenco ;  but  he  found  some  soeming  eontraats 
betwt^n  tho  two,  which  prcTcnte<l  him  from  concluding  fiuoreaconce 
to  be  in  reality  n  caso  of  phosphorescence. 

In  the  course  of  a  coniparison  botwoon  the  two  phenomena  (sec- 
tions 221  to  225  of  his  1852  paper),  the  following  Btatemont  is 
given : — "  But  by  far  the  moat  striking  point  of  contrast  between  tb© 
two  phenomena  consists  in  tho  apparently  inatantaneous  commenco 
ment  and  cessation  of  tho  illumination,  in  the  ease  of  internal 
dispersion  when  the  active  light  is  admitted  and  cut  oC  Ther«  ia 
nothing  to  create  the  least  suspicion  of  any  appreciable  damtion  in 
the  otfcct.  "When  internal  dispersion  is  exhibited  by  means  of  an 
electric  spark,  it  appears  no  less  momentary  than  tho  illmui nation  of 
a  landficape  by  a  flash  of  lightnings  I  have  not  attempted  to  determine 
whether  any  appreciable  duration  could  be  made  out  by  means  of  a 
revolving  mirron"  Tho  investigation  here  suggested  has  been 
actually  raado  by  Edmund  Becquerel,  and  the  question — Is  there  any 
appreciable  duration  in  the  glow  of  fluorescence  ? — has  been  answered 
afKrmatively  by  this  beautiful  and  simple  little  machine  before  you, 
which  be  invented  for  the  purpose.  Tho  experiment  giving  tho 
answer  is  most  interesting ^  and  I  am  sure  you  will  see  it  with 
pleasure.  It  consists  of  a  flat  circular  box,  with  two  holes  facing  one 
another  in  the  flat  sides  near  the  circumference  ;  inside  are  two  dii^ 
carried  by  a  rapidly  revolving  shaft,  by  which  the  holes  are  alter- 

•  The  same  pbenotaeuon  is  to  be  seea  splendidly  in  sulphate  of  qtiioine,  Ati 
interacting  experimcitil  tn^j  be  maxie  hj  writing  on  a  wiiiie  paper  &cxeen^  vvith  a 
fitiger  01  a  bruflti  dippt'd  m  a  »olutioo  of  sulphnte  of  t^Qiiiine*  The  tDarking  ia 
mjite  impt^Tocptible  in  ordinivry  liglit ;  but  if  «  priatnikLic  Bpeotnim  be  thrown  on 
the  screen,  with  the  ultra-violet  iDTisiblo  li^?ht  on  the  part  which  hud  been  written 
on  with  tbci  Hulphatu  of  quinine,  the  writing  ia  fi(?on  glowing  bHUiantly  with  a 
bluijah  light  And  diirkneas  {ill  round.  Tho  phcnomenan  pveaented  by  sutphnte  of 
nuiujne  and  many  otimr  vegetable  Bohitioim.  and  Bome  mineial^,  ua,  for  lufltanoe, 
flunr  Bpstr^  and  vuiioua  onmmenbBl  gloHacH,  m  it  yellnw  BobemiHn  glass,  coltod  in 
ci>ninioreo  "canftry  f^lau  ^  (giving  iidiuperaed  greenish  light),  had  been  dieooyert'd 
by  Sir  rh;ivid  Browstet  (' Teaaaictionft/  Koy&l  Society  of  Edinburgh,  181^3,  and 
Bntiith  Agsocitiiion,  Newcastle,  nnd  had  been  itivefiligfibod  nlso  by  8lr 

John  HtTSchel,  and  by  him  called  epipolie  diflperaion  (*  Phil.  Trana./  18*5).  A 
complfite  expehmentiU  anrdyBia  of  the  phenorttctiDn^  ahowin^  preci^uly  what  it  wofl 
tlint  the  proTions  obiervera  h*id  seeflt  and  ex  plain  ing  many  singularly  inyttteriotia 
thinga  which  thoy  had  noUc^Kl,  wna  marfie  by  Btokea,  and  dosoribed  in  hid  p*iper. 
"  On  the  Change  of  Befrangibility  of  Light "  C'  Pbil.  Tmns.;  May  27*  1852> 
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tmUAj  gHut  and  opened ;  one  open  wlien  the  other  closed^  and  mee 
rsrt*L  A  little  piece  uf  uranium  glass  is  fixed  inside  the  boic  between 
the  two  bulos,  and  a  beam  of  light  from  the  electric  lamp  lolls  upon 
Moe  of  the  holes.    You  look  at  the  other. 

No«r  when  I  turn  the  shaft  slowly  yoa  eeo  uotliing.  At  thie  instant 
the  light  fall  a  on  the  uranium  glass  through  the  open  holo  fur  from 
yoa^  but  you  sea  nothing,  because  the  hole  neit  you  is  ebut.  Now  the 
hole  next  you  is  open,  but  you  see  nothing,  because  the  hole  next  the 
light  is  shut,  and  the  uranium  glass  shows  no  perceptible  after-glow  as 
«ciitiig  fttym  its  prorious  iilumination.  This  a^ees  exactly  with  what 
j^m  mm  whon  I  held  the  larpo  slab  of  urnoium  glass  in  the  ultra-violet 
light  of  the  prifiuiatio  spectrum,  Aa  long  as  I  held  tho  uranium  glasiij 
ihere  jou  saw  it  glowing;  the  moment  I  took  it  out  of  the  iuviBible 
light  it  ceased  to  glow.  The  " moment"  of  which  we  were  then  cog- 
nisant may  have  been  the  tenth  of  a  second.  If  the  uranium  glaeg  Lad 
Gtmtifiaod  to  glow  sensibly  for  tlio  twentieth  or  the  fiftieth  of  a  second, 
it  would  have  seemed  to  our  slow-going  sense  of  vision  to  ceaao  the 
moment  it  was  taken  out.  Kow  1  turn  the  wheel  at  such  a  rate  that 
the  bole  next  you  is  open  about  a  fiftieth  of  a  second  after  the  urauium 
glaM  was  bathed  in  light ;  still  you  sec  nothing,  I  turn  it  faster  and 
£uilar,  and  it  now  bc^gins  to  glow,  when  tho  hole  next  you  is  open  about 
the  two-hundredth  of  a  second  after  tho  immodiately  preceding  admis- 
mtm  of  light  by  the  other  hole*  I  turn  it  faster  and  faster,  and  it 
^OWB  more  and  more  brightly^  till  now  it  ih  glowiog  like  a  red  eoal  ^ 
niitlier  angmentatioii  of  the  speod  Bhow%  aa  you  son,  but  littlo 
dUbf^ec  ill  the  glow. 

Thtia  it  seemg  that  flaorcecence  is  essentially  the  same  as  phos- 
phorescence; and  we  may  ex;peGt  that  suhstunec^  will  be  found 
QontiDUously  bridging  over  the  ditferenee  of  quality  between  this 
cnziitim  glms^  which  glows  only  for  a  few  thousandths  of  a  second, 
and  the  luminous  sulphides  which  glow  for  hours  or  days  or  weeks 
aAer  tba  ceesation  of  the  exeiting  liglit. 

The  most  decisive  and  discriraiuating  method  of  estimating  the 
size  of  atoms  I  have  left  until  mj  allotted  hour  is  gone— that  founded 
tm  tho  kiuetic  theory  of  gaaos.  Here  is  a  diagram  (Fig.  11)  of  ii 
crowd  of  atoms  or  molecules  showing,  on  a  scale  of  1,000,000  to  1,  all 
tim  oiuleculGS  of  air,  of  which  tho  centres  may  at  any  instant  be  in  a 
ifaeeof  a  square  of  l-10,000th  of  a  centimetre  side  and  M00,000,000th 
of  m  oontimetro  thick.  The  side  of  tho  square  you  see  in  tho  diagram 
ta  m  nurfcrov  and  represents  1-1 0,000th  ijf  a  contimctre.  The  diagram 
•bowi  just  100  molecultis,  being  1- 10,000th  of  t!io  whole  number  of 
|Mrticle6  (10^)  in  the  cubu  of  l^lQ,000th  eeutimetre,  or  all  tho  mole^ 
enks  in  a  slice  of  1-1 0,000th  of  the  thickuoss  of  that  cube.  Think  of 
M  cmbo  filled  with  i^articios,  like  theso  glass  balls,*  scuttored  at  random 


*  Tb» piflee  of  apparatiM  now  cxliibittL^d,  iHuHtmici]  tim  mllii^iuns  ttikini;  place 
twiuiim  l£«  mcdecales  of  gaeeoua  matter  and  ttie  ilitfiiuiou  of  *mti  i^n^  iutn 
i^hff    It  cQuAated  of  a  board  of  aboat  uno  metre  B<|uaTC,  p^^rfonlvd  with 
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throngh  a  space  eqnal  to  1000  times  the  sum  of  their  Tolnmes.  Snoh 
a  crowd  may  be  condensed  (jnst  as  air  may  be  condensed)  to  1-lOOOth 
of  its  volume,  bnt  this  condensation  brings  the  molecules  into  contact. 
Something  comparable  with  this  may  be  imagined  to  be  the  condition 
of  common  air  of  ordinary  density,  as  in  our  atmosphere.  The 
diagram  with  size  of  each  molecule,  which,  if  shown  in  it  to  scale, 
would  be  1  millimetre  (or  too  small  to  be  seen  by  you),  to  represent 
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Diagram  illustrating  the  number  of  molecules  in  a  spaoe  of  1-1 0,000th  of  a 
centimetre  square  and  l-100,000,000th  of  a  centimetre  thick. 


100  holes  in  ten  rows  of  ten  holes  each.  From  each  hole  was  suspended  a  cord 
five  metres  long.  To  the  lower  end  of  each  cord,  in  five  contiguous  rows,  there 
was  secured  a  blue  coloured  glass  ball  of  four  centimetres  diameter ;  and  slmilarlv 
to  each  cord  of  the  other  five  rows,  a  red  coloured  ball  of  the  same  size.  A  ball 
from  one  of  the  outer  rows  was  pulled  aside,  and,  being  set  free,  it  plunged  in 
amongst  the  others,  causing  collisions  throughout  the  whole  plane  in  which  the 
suspended  balls  were  situated. 
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an  netml  dkmeter  l-10,000,000th  of  a  c€ntiinetr@,  TSprefiente  &  gas  m 
which  B  coudea^tioii  of  1  to  10  linear,  or  1  to  1000  in  balkj  would 
bring;  the  moteculee  close  together. 

Now  jou  ore  to  itDagine  the  particles  moTing  in  all  directions, 
meh  in  a  straight  line  uDtil  it  collides  with  another.  The  averago 
length  of  froe  path  is  10  centimetres  in  our  diagram,  repre^entLDg 
l-lDO,000th  of  a  oeutimetrG  in  reality.  Aud  to  suit  the  case  of  atmo- 
spherie  air  of  ordiaarj  density  and  at  ortUnary  pressure  you  must 
Buppose  the  actual  velocity  of  each  particle  to  be  60,000  centimetres 
per  second^  which  will  make  the  aTerage  time  from  collisioa  to  collision 
l-5,DD0,000,000th  of  a  second. 

The  time  is  so  far  adranced  that  I  cannot  speak  of  the  details  of 
this  exquisite  kinetic  theory,  but  I  mil  just  say  that  three  points 
iiiTestigatcd  by  Maxwell  and  Clausius,  viz.  the  Tisoosity  or  want  of 
perfect  fluidity  of  gasc«,  the  dilfasLon  of  gases  into  one  another,  and 
the  difTusion  of  heat  through  gnsea— all  these  put  togeth<jr  give  an 
estimate  for  the  average  length  of  the  path  of  a  molecule.  Then 
ft  b^utiful  theory  of  Clauslus  enables  us,  from  the  average  length  of 
the  free  path,  to  calculate  the  niagnitudo  of  the  atom.  That  is  what 
Luschmidt  has  done/  and  I,  unctmsciously  following  in  his  wake, 
have  come  to  the  Eame  conclusiou;  that  is,  we  have  arrived  at  the 
absolute  certainty  that  the  dimensions  of  a  molecule  of  air  are  something 
Hke  that  which  I  have  stated. 

The  four  lines  of  argaiueat  which  I  have  now  indicated  lead  all  to 
sabetantially  the  same  estimate  of  the  dimensions  of  molecnlar 
sinieture.  Jointly  they  establish,  with  what  we  (^uot  but  regard  as 
m  very  high  degree  of  prubability,  the  conclusion  that,  in  any 
ordinary  liquid,  transparent  solid,  or  seemingly  opaque  solid,  the 
mean  distance  between  the  centres  of  contiguous  molecules  is  less  than 
tbe  1-S,000,000th,  and  greater  than  the  1-1^0 00,000,000th  of  a  centi- 

To  form  some  oouception  of  the  degree  of  coarse^-grainednees 
indicated  by  thia  conclusion,  imagine  a  globe  of  water  or  glass,  as 
large  as  a  football,!  to  be  magnified  up  to  the  size  of  the  earth,  each 
ooDstitnent  inolecule  being  magnified  in  the  same  proportion.  The 
aignified  structure  would  bo  more  ccmrse- grained  than  a  heap  of 
wttiH  shott  but  probably  less  coarse-grained  than  a  heap  of  footballs. 

[W,  T.] 


•  SitMijfbmehte  of  the  Vienna  Academy,  Oat.  12,  1865,  p.  395. 
f  Or  mj  a  globe  of  16  oeutiinelrei  diauueter. 
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General  Monthly  Meeting, 


[Feb.  5, 


GENERAL  MONTHLY  MEETING, 
Monday,  February  6,  1883. 


Geoboe  Bube,  Esq.  F.B.S.  Treasurer  and  Vioe-President,  in  the 

Chair. 


The  Duke  of  Bedford,  E.G. 

Lord  Lawrence. 

Major  Gerald  Edmund  Boyle. 

Mrs.  Henry  Bonham  Garter. 

Joshua  Fielden,  Esq. 

Major  Alexander  Thomas  Eraser,  R.E. 

Mrs.  Clara  E.  Murchison. 


were  elected  Members  of  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  returned  for  the  following 
donations  for  the  purchase  of  a  new  Gas  Engine : — 


The  special  thanks  of  the  Members  were  given  to  Mr.  Jambs 
WiHSHUBBT,  for  his  present  of  an  Electrical  Influence  Machine  con- 
structed by  him. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

The  Govemor-Oeneral  of  India — Palseontologia  Indica:  Series  XIY.  Vol.  I. 
Part  8,  Faac.  2.   fol.  1881-2. 
Oeologioal  Survey  of  India:  Records.   Vol.  XT.  Part  4.    8vo.  1882. 
The  New  Zealand  Government— Resnlta  of  a  CenBoa,  8  April,  1881.   fol.  1882. 
TJie  French  Govemment—Dooumenis  Incite  aur  THistoire  de  France  : 
Gomptes  des  B&timcnts  du  Boi  sons  le  regne  de  Louis  XIV.   Par  J.  Gnifi&ey. 

Tome  I.   4to.  1881. 
Lettres  do  Catherine  de  M^icis.   Par  C.  Cte.  Hector  de  la  Ferris   Tome  I. 
4to.  1880. 

Melanges  Hiatoriques.   Tome  m.   4to.  1880. 

Mcmoires  des  Intendants  sur  T^tat  dee  G^neralit^a,  pour  rinstmction  da  Due  de 
lk>urgoyne.   Par  A.  M.  de  Boisliale.   Tome  I.   4to.  1881. 

Rcceuil  des  Ohartos  de  TAbbaye  de  Clnny.    Par  A.  Bernard  et  A.  Bmel. 
Tome  II.   4to.  1880. 
Accademia  dei  Linceiy  Beale,  2?oma— Atti,  Seric  Tcraa,    Vol.  VII.  Fasc.  1,  2, 
4to.  1882. 


V^arren  De  La  Rue,  Esq.  .. 
Colonel  James  Augustus  Grant 
Professor  Tyndall 


£100 
50 
50 


General  MotUMtf  Meeitn^, 
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Jnimamt  Aeadmff  of  Arit  and  ^cte««f— Memoirs,  Kew  Seriea,  YoL  X.  Part  2. 
4la  1882. 
ProoeedrngB,  Vol.  XVII,   Syo,  IS^. 
Ameriran  PhUonophu^  S<Kj/rf^Pitw©ediiigB,  Noa.  110^  111.    fivo.  lSSl-2, 
Arbuthmoi,  F,  Fifntvr,  Efq,  M.H.L— Early  Mvm:  Hindoo  Storiea,    Collected  by 

ArckKoU/fwd  Survoif  t^f  Southern  Jtiffia— The  Anifiravftti  St«pa.    By  J.  Bur^^csB. 

AMmtie  Stxitttf  of  Jengol— Prooeedinga,  Nos,  T,  8.   Sv«i.  1882, 

JonrBiil,  Vol-  LI,  Part  1,  Ki».  3,  4 :  Part  2,  Nijs.  2,  3.   8vo,  18g2. 
Antitie  So^etf,  ^yal— Journal,  Vi>L  XV.  Part  1.    8vo.  1882. 
^liraMOM^  SD*«fi^,  J2*>j^d— Munthlv  Notirea,  Vol  XLITI.  Noe.  1,  2.  ,8to,  18S2. 

InmuU      Juum&l,  Yul.  UL  Purt^  5-9;  Vol  lY.  Fort  I.  S^o.  1882-:^. 
Bonv  Jaae$,  MM.  {the  ^ufAcr)— B^duplicaliou  of  the  Ckrdlac  Buuuda.  8vu. 
1882, 

JSbrirm  Sbrtery  o/  Natural  nhhnj—Uemmt9,  VuL  III.  No8.  4,  5.    4tO.  1881-2, 

l>iH.-cedmiiB,  Vol.  XX.  Rut  4;  Vol.  XXI.  Parts  1-3.  1881-2. 
3ritt»h  Archit^ctjt,  i?Dya/  /inrftlitte  o/— Proceedings,  1882-3,  No«.  4r-7,  4to. 
Brodie,  JJt^aiitfer,        Ar,J?.Z.        £ti»tor)^EeiDiiiiacenoe»  of  golomon  Alei, 

Hiirt,R.A.    8to.    J 882.    (Privately  Pnuted.) 
Vhemica!  ^TwiVij^JoTiniftl  for  Jie^.  1882,  Jan.  1883,  Svo. 

Critp^  Frtdrrich  JrfAur,  flsi/.  M-UX  (th^  C'mpiter) — Some  Aocxiuut  qf  the  Parish 

of  Stutton.    4to.    1881,    (Private I j  Print*?d.) 
CWip,  FtttJik,  Btq,  LLM.  F.L,S,  <te.  MM.l.  {the  A'd^kir)— Jutijmfll  of  tlio  Royul 

MifftTflOopical  Bociety,  Series  II,  VoL  II,  Part  0.    8vo.  1882. 
Doxi  Socittide  Bonla—^MW^lm&^  2*  ^rie,  Sopttttuie  Auiice:  Trimestn^  4.  Svc>. 

1882. 

Jiilian— Ameri<^n  Jouniiil  of  ScieDce  for  Dec.  1882,  Jan.  1883.  Svo. 
Analpt  for  Dec.  1882,  Jan.  18as.  8vo. 
Atiieiui^um  fVir  Dec.  1882,  Jnn.  ISa^i.  4to. 
CtMnicat  News  for  Dec.  1882,  Jan.  188:1  4lo. 
EQfdiieer  for  Deo.  1882,  Jan.  foK 
Horologinl  Joimml  for  D^c,  1882,  Sm.  1883.  8m 
Iron  for  Dee.  1882,  Jan.  18S3.    4 to. 
KUttr*  for  Dec.  1882,  Jan.  I88a  4to. 

Berne  Scieotitjqne  and  Revue  Politique  et  Litt^rftlre  for  Dec.  1882,  Jao.  188S. 

Tetegmphic  Journal  for  Dee.  1882,  Jan.  1883.  fol, 
F^Mm  I^iiiU—A<mmix\,  Noa.  (>84,  ti8fi,   8m  1882. 

Gtai^kyhical  Soci^tf,  Royal — Proc^edioga,  New  Series,  Vol,  IV,  No,  12,  Vol.  V. 

No.  1.    8v«.  1^2, 
G«ulnmml  *Sbdifftt— Abslnwla  of  Frooeedinga,  lgfi2-3,  Nos.  426-430.  fivo, 

2?r*  If:  A.  FM.ii.  {tfm  Auihor}^Thi6  <a*ima  of  Science  to  Public  HecogTiition 

and  Bfipport    4to.  1882. 
Jakm*  Hofkitu  Univertitf — American  Jonroal  of  Philology,  Noa.  1  to  11.  8vo, 

1880-2, 

AiiM!rit«n  Cbemi<al  Jouranl,  Vols.  11.  HI.  and  IV,  Noa,  1  to  4,    Bvo,  1S81V-2, 
Annual  Beport,  1881  and  1882.  8vo. 
UiiifctBity  Ciifmlnf^  Notu  17,  la   4to.  1882. 
Kmr,  Mn,  Abstatder,  Jf.fi.J.— Notca  ou  a  Novel  Form  of  6im  Dial.    By  R 

CUdwcU,   Bwt>.  1878. 
Ummm  SbeiVlj^—Joanm],  Noe.  122,  123,  124.    8to,  1882. 
ISdm^  Soeiedade  de  Oewrrat^tu— Bulletin,  3^  Scrie,  No.  5.    8vr.  iaS2, 
Mnm^  Mt)^*cTi  Jitmtt,  M.b,  FM.aS.  MM>L  (the  ^(*fA->f)— FnmUiar  LtoturLf  on 

tlie  Flivaiology  of  Footi  and  Drink.    12ino,  18S2. 
Jl«niitf,  IFitwtm,  SLD.  F.ILS.  {ih^  ^«/.ftor)— Soutbero  aod  Swiaa  HouUb  Reeorta. 
1883. 

iUCtak,  Mm  MM  iiJt(  .lti^or)-SlietcLcs  in  VertK,  and  tbu  Wi^  of  tliii  Nile. 
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M&dumiedl  Bngineeri  JiuCtht/ibn— ProoeediogB,  K08.  8,  4.   8vo.  1882. 
Meteorologiedl  Oj/Zoo—Hoarly  Readings,  1874-1880.  foL 
Hourly  Readings,  1881.   Part  U.   4to.  1882. 

Report  of  the  Meteorological  GoimoU  of  the  Royal  Society  to  Slat  March,  1882. 
8vo.  1882. 

Meteorologioal  Sbct«^f— Quarterly  Journal,  No.  44.   8m  1882. 

The  Meteorological  Record.  Mos.  6,  7.    8vo.  1882. 
National  Auociation  for  Social  iSetdikM— Prooeedings,  VoU  XYL  NO0. 1,  2.  8vo. 
1882. 

Nonoegitchen  Commi99ion  der  EuropSitehen  Gradmewiino—Gkodatische  Arbeiten. 

Heft  1,2,3.   4to.  1882. 
Vandstandsobservationer.   Hefte  1.   4to.  1882. 
Pharmacetitical  Society  of  Qreai  Britotn--Joumal,  Dec.  1882,  Jan.  1883.  8to. 
Photoaraphde  Society— Joxami,  New  Series.  Vol.  VIL  Nos.  2,  3,  4.   8vo.  1882. 
Pritehardy  H.  Baden,  Esq.  F.CS.  {the  ISaitor)— Year  Book  of  Photography  for 

1888.    16nio.  1882. 

Pfirdy,  Frederick,  Em.  F.8.8,  M.B.I.—hocal  Taxation  Returns,  1880-1.  fol.  1882. 
Annual  Report  of  the  Local  Government  Board.    Supplement    Report  of 
Medical  Officer,  1879.   8vo.  1880. 
Boyai  Society  of  Zondon^Proceedings,  No.  222.   8yo.  1882. 
Bustett,  Hon.  F.  A.  BoOo,  M.B.I.  (r^^u(^)— The  Improyoment  of  Climate  with 

Slight  Elevation.   8vo.  1882. 
Saxon  Society  of  Sciences,  Boyal — Philologisoh-historische  Glasse :  Abhandluugen : 
Band  Vm.  No.  4.   8va  1882. 
Terhandlungen,  1881,  Nos.  1,  2.   8vo.  1882. 

Mathematisoh-physische  Olasse:  Abhandluugen:  Band  XII.  Nos.  7,  8.  8vo. 
1881-2, 

Yerhandlungen,  1881,  Nos.  1,  2.  8vo.  1882. 
Seiernological  Society  of  Japaitr— Transactions,  Vols.  L-IY.   8vo.  1880-2. 
i^ifiKm,  CoUyns,  Esq.  Hon.  LL.D.  ((he  JutAor)— The  Solar  Illumination  of  the 

Solar  System.   8vo.  1879. 
Smyth,  C.  Ptom,  Esq.  (the  Juf^)— Madeira  Spectroscopic.   4to.  1882. 
Society  0/ Jr<»— Journal,  Dec.  1882,  Jan.  1883.  8vo. 
Statistical  Sod€<y -Journal,  Vol.  XLV.  Part  4.   8vo.  1882. 
Symons,  O.  /.—Monthly  Meteorological  Magazine,  Deo.  1882,  Jan.  1883.  8va 
Telegraph  Engineers,  Society  0/— Journal,  Vol.  XL  No.  44.   8vo.  1882. 
United  Service  InstUution,  BoyoZ— Journal,  No.  1 18.   8vo.  1882. 
United  States  Coast  Survey— M,ethodB  and  Results  of  Meteorological  Researches, 
Part  3.   4to.  1882. 

Vereins  zur  Befordenmg  des  Gewerbfleisses  in  Preussen — ^Yerhandlungen,  1882 : 

Nos.  9, 10.  4to. 
Victoria  Institute— JoxumA  of  Transactions,  No.  63.   8vo.  1882. 
Yorkshire  Arehssologioal  and  Topographical  Association— Jownaal,  Psti  28.  8vo. 
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WEEKLY  EYENTKG  MEETING, 
Friday,  February  9,  1883. 
HiuBT  PoifLOOK,  E»q.  Mfutager^  in  tho  OhaiF, 

MONOTJBK  D,  COSTWAT,  EfifJ*  M.A. 

"  Emerson  and  hU  Views  of  Nature" 

WsKN  ih&  statne  of  Carlyle  was  unveiled,  the  speaker  on  that  cM3ca* 
Bioo  (Jyr.  Tyndall)  expressed  the  hope  that  some  doy  a  memorial  of 
Ealpb  W&ldo  Emerson  might  be  placed  beside  it.  The  long  friend- 
fehip  between  those  men,  which  defied  dissimilarities  and  diSerences 
to  siinder  their  hearts,  waa  due  to  their  profound  moral  relationship. 
They  were  childreti  of  the  Human  Age  of  Literature.  Indeed  Lite- 
tmlare  ie  hardly  a  large  enough  word  to  describe  the  works  of  men 
wliote  words  were  half-battlea  "  and  victories,  Tho  artist  of  the 
CJarlyl©  memorial  has  aigijifieautly  piled  Carlylo's  books  beneath  his 
chair.  For  Emeraon,  however,  the  infcellectmil  and  poetic  life  and 
work  were  precisely  those  which  eirc  am  stances  made  the  most  prac- 
tice and  humane.  Although}  by  moral  and  humane  aims,  the 
deecendant  of  the  Puritans  and  the  descendant  of  the  CoYonantera 
were  brotbeis,  the  chief  inliuence  on  the  intellect  of  Emerson  was 
mther  that  of  Wordsworth,  whoee  poetry  raised  in  him  the  vision  of 
a  Joring  life  with  nature.  When  Emerson  visited  Bydal  Mount  in 
1833,  Wordsworth  warmly  advised  him  against  too  much  intel- 
lectual cniture.  He  may  have  recognised  the  fact  that  Emeniou 
ma  at  that  time  chie£y  interested  in  the  discussions  which  had 
CoUowed  the  coDtroversy  between  Geoffi^y  St.  Kilairo  and  Ouvier. 
Of  all  that  literature  which  prepared  the  way  for  Charles  Darwin's 
great  generalisation,  iu  French,  German,  and  English,  Emerson 
was  an  aesiduous  student.  Perhaps  his  £rst  lecture  was  one  given 
is  the  Winter  of  1833-34,  on  *  Tho  Relation  of  Man  to  tho  Globe/ 
It  had  not  been  published  of  i-eported,  but  Dr.  Emerson  has  explored 
it  Ibr  me,  and  it  contains  passives  showing  elation  at  meeting  the 
dawn  of  a  great  truth.  "  By  the  study  of  the  globe  in  very  recent 
tisiea  we  have  become  acquainted  with  a  fact  tho  most  surprising — 
1  may  oay,  the  most  sublime — to  wit,  that  man,  who  stands  in  the 
ao  proud  and  powerful,  is  no  upstart  in  the  creation,  but  has  been 
propbeeied  in  nature  for  a  thousand^  thousand  ages  before  he  appeared ; 
th»t  from  times  incalculably  remote  there  has  been  a  progressive 
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preparation  for  him,  an  effort  (as  pliysiologista  eay*)  to  prodtJco  him  : 
the  mennor  creaturos,  the  primcvtil  mnn,  containing  tho  elomtints  of 
hte  stru(;ture  and  pointing  at  it  on  e?ory  side,  whilst  the  world  wa^  at 
the  aamo  time  preparing  to  bo  hahitablo  by  him.  He  woa  not  made 
Boonor  because  his  honso  wm  not  ready/'  '*Man  is  made*  the 
creature  who  seenifi  a  refinement  on  the  form  of  all  who  wont  before 
Mm*  and  more  perfect  in  the  image  of  his  Maker  by  the  gift  of  moral 
nature  •  but  his  limbe  are  only  a  more  exquiBite  organization, — say, 
rather,  the  finish  of  tho  rudimental  forms  that  have  been  already 
sweeping  tho  sea  and  creopiog  in  the  mud :  tho  brother  of  his 
hand  is  even  now  cleaying  tho  Arctic  sea  m  the  fia  of  the  whale, 
and  iunuinerahle  ages  sinco  was  pawing  the  marsh  in  tho  flippor  of 
the  sauma."  It  is  in  a  sense  studying  the  law  of  evolution  itself  to 
study  the  impression  it  made  upon  the  mind  of  Emerson,  as  a  law  of 
which  he  was  absolutely  convinced  in  the  beginning  of  his  career, 
His  first  book  Nature  (1836)  is  a  Vcdas  of  the  acientifie  age,  in  which 
instead  of  man's  ancient  worsliip  of  sun,  cloud,  star,  these  glorious 
objects  unite  in  celebration  of  Man,  The  development  of  man  is  the 
spirjtniilization  of  nature*  The  Course  of  nian*s  culture  turns  nature 
to  a  kingdom  of  Use,  translates  its  laws  into  ethtca,  its  aspects  into 
language,  its  facts  and  phenomena  into  science,  builds  its  sublimities 
into  a  temple.  Man  is  what  nature  means.  The  only  break  in  tho 
nuliant  optimiBm  of  the  book  ia  a  complaint  that  Sciouco  had  not  ex- 
plained the  relationship  of  man  to  the  forms  around  him,  the  unity 
of  things ;  and  almost  at  the  very  moment  when  that  lxK}k  ap|>eared 
(Sept. J 183 G  )  young  Charles  Darwin  landed  from  tho  Bvagh  with  tidings 
of  the  new  intellectual  world  for  which  the  new  world  thinker  was  call- 
ing. It  was  to  be  twenty-two  years  yet  before  Darwin  was  prepared  to 
announce  his  theory,  but  meanwhile  Emerson  had  gained  some  farther 
light  in  that  direction.  It  came  to  him  while  exploring  an  unpro- 
mising region,— the  works  of  John  Hunter,  In  an  essay  he  8|>eaka 
of  an  "  electric  word  "  of  Hun  tor's  on  development,  I  can  find  but 
one  reference  to  development  in  Hunter's  works.  Palmer's  Hunter 
appeared  in  1835,  while  Emerson  was  writing  his  Naturt\  and  its 
reference  to  development  is  in  Vol,  a  footnote  to  p,  265 "  If  wo 
wore  capable  of  full  owing  the  progresa  of  increase  of  number  of  the 
parts  of  the  most  perfect  animal,  as  they  formed  in  succession,  from  tho 
very  first  to  its  stato  of  full  perfection,  we  should  probably  be  able  to 
compare  it  to  some  of  tho  incomplete  animals  themselves  of  every 
order  of  animals  in  the  creation,  being  at  no  stage  different  from  some 
of  those  inferior  ordurs  ;  or  in  other  words,  if  we  were  to  take  a  series 
of  animals,  from  the  more  imperfect  to  tho  perfect,  we  should  probably 
find  an  imperfect  animal  corresponding  with  some  stage  of  the  most 
perfect." 

The  fact  that  each  animal  passes  in  the  course  of  its  development 
through  stages  comparable  to  those  of  adult  animals  of  lower  organiza^ 
tion  is  now  oiplained  by  evolution ;  to  Emerson  it  was  itself  a  partial 
explanation,  bringing  order  into  phenomena  which  traditional  theories 
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leH  cliaotic.  His  second  essay  on  Natnro  (1844)  sbows  him  realisixig 
how  vikst  may  be  the  fimctioii  of  a  small  agency  working  m  boundless 
tiiae  aad  boimdlees  space.  Geology,  ho  s&yfi^  has  taught  us  to  dtsnse 
our  dsme-fichool  measures.  Wo  kuew  nothing  rightly  for  want  of 
pen^peetiYd.  Kow  wo  Imm  what  patient  periods  must  round  them- 
selTes  before  the  rocfe  is  formed,  then  before  the  rock  is  broken,  and 
the  first  lichen  race  has  disintegrated  the  thinnest  external  plate  into 
solL,  and  opened  the  door  for  the  remote  flora,  Ceres  and  Pomona^  to 
come  in.  How  far  off  yet  is  trilobito  1  how  far  the  quadruped  I  how 
inconceiTably  remote  is  man  !  All  duly  arrive,  and  then  race  after 
fwx  of  men.  It  is  a  long  way  from  granite  to  oyster ;  farther  yet  to 
Pkto  and  the  preaching  of  the  immortality  of  the  sonh  Yet  all  must 
eome  as  surely  as  the  atom  has  two  sides/*  Simultaneously  with  the 
appearance  of  this  essay  in  America,  the  *  Yestiges  of  Creation ' 
appeared  in  England.  Agassiz  sought  to  persuade  Emerson  that  thet^o 
relations  and  degrees  of  forms  were  only  ideal ;  but  Emorson^a  ideal- 
ism was  too  wide  to  admit  of  any  dualism  in  nature.  In  the  order  of 
thought  he  read  the  otder  of  nature,  before  it  was  proved,  "  Develop- 
ment" was  the  religion  of  Emerson  before  it  was  the  discovery  of 
ecienee.  It  was  iJie  vision  of  his  poetic  genius,  tbe  affirmation  of  bis 
moral  enthasiasiu,  the  hope  of  his  humanity.  He  founded  his  life  and 
work  upi:in  it  long  before  Darwin  proved  that  he  had  founded  on  a 
rock.  Whenever  ho  touched  the  theme  he  broke  forth  into  song. 
In  his  poom  Mueketatiuid  "  his  view  of  natural  evolution  is  exquis- 
itely humanisod. 

The  charm  which  Emerson's  writings  have  for  scfentifio  men  is 
partly  due  to  the  nature  in  them  ;  but  also  to  the  fact  tbat  in  them  is 
foreshadowed  the  kind  of  character,  sentiment,  religion,  legitimately 
mlated  to  the  scientiflc  gonoralisations  which  have  alarmed  many 
worthy  people,  not  im naturally  solicitous  for  the  spiritual  beauty  of 
life.  When  others  were  alarmed  at  this  or  that  new  st«fcoment» 
Emerson  said:  "Fear  not  the  new  generalisation.  Docs  the  fact 
Inok  crass  and  material,  threatening  to  degrade  thy  theory  of  Spirit  ? 
Redst  it  mot ;  it  goes  to  refine  thy  theory  of  matter  just  as  ranch." 
This  is  from  his  *  First  Series  of  Essays,'  a  volume  which  closea  with 
this  pregnant  sentence  When  Science  is  learned  in  love,  and  its 
^wera  are  wielded  by  love,  they  will  appear  the  supplementfl  find 
oontianationB  of  the  material  creation/'  Whatever  his  audience, 
bieraon  always  did  his  best ;  he  never  put  out  his  talent  to  work 
Ibc  him,  teaming  his  genius.  In  America  Emerson's  life  and  spirit 
w«re  tXwtjn  Ihe  itfongeet  argument  on  the  progressive  side.  When 
bk  h0iise  was  burned  down,  in  1S72,  persons  of  different  parties  and 
insisted,  despite  his  deprecations,  on  rebuilding  what  had  been 
t  haaub  for  oaany  minds. 

[M.  D.  a] 
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Gkoeob  Bube,  Esq,  F,R,S.  Treasnror  and  Vice-President,  in  the  Cbair^ 

Professor  William  C.  Williamson,  LL«D.  F,R,8, 

On  Bome  Anomalous  Oolitic  and  Palmowic  formt  of  Vetfelaiion. 

Ik  the  courso  of  lectures  whieli  I  bave  deliverod  in  this  hall  during 
tb€  la^t  few  weokti  X  baTO  tried  to  show  the  kind  and  auiimni  of 
supjwrt  which  the  study  of  fossil  vegetation  renders  to  the  Darwinmn 
doctrine  of  Evolution.  With  such  an  aim,  attention  waa  necessarily 
iinuted  to  plants  whoso  true  botanical  afiSnities  ap^Kiared  to  me  to  bo 
virtaally  indiBputable,  This  limitation  was  indifiiHJUsable,  einoe  sach 
plants  alone  could  be  admitted  as  evidenee  when  the  question  of  tbe 
pedigree  of  the  Tugetable  kingdom  was  in  question.  Plants  wbo&e 
orgftmsi^lion  was  obscure,  and  whoee  external  forme  might  indicate^ 
with  equal  probability,  relationship  to  more  than  one  amongst  the  very 
diiFerent  types  which  appeared  during  tbe  later  developments  of  the 
vegetable  kingdom,  could  not  be  relied  upon  as  witnesses  testifying 
to  tlie  facta  wbicb  actually  occurred  a^  ages  rolled  by. 

Unfortunately  tbe  Palfco^oic  and  Mesozoic  strata  have  furniehed  a 
considerable  number  of  such  undetermined  plants.  The  history  of  the 
etudy  of  many  of  these  is  hnt  too  humiliating  to  scientific  men.  A 
considerable  number  of  objects  which,  beyond  doubt,  were  not  vege- 
tables have  had  places  assigned  to  them  in  the  history  of  the  plant  race; 
whilst  other  very  similar,  but  equally  indeterminable  forms,  may  not 
only  have  been  plants,  but  as  such  may  have  (>layed  a  veiy  important 
part  in  the  genetic  chain  of  vegetable  life.  Such  objects  must 
have  bad  au  aneeatry,  and  may  have  had  importaut  descendants.  Yet, 
owing  to  their  obscure  indications^  we  can  assign  to  them  no  position 
in  the  story  of  vegetable  ontogeny.  It  is  to  a  few  striking  eiamplos 
of  these  doubtful  objects  that  I  propose  calling  your  attention 
to-night. 

In  Plate  IL  Fig,  6,  and  Plate  III,  Fig,  7,  of  Young  and  Bird's 
*  Geological  Survey  of  the  Yorkshire  Coast/  publiebed  in  1822,  two 
specimens  of  fossil  plants  are  rcprei^nted,  Tbe  former  of  these  speci- 
mens was  regarded  by  the  authors  a«  the  fruit  of  a  Cycadcan  plant, 
the  leaves  of  which  occur  in  the  stratum  in  which  tbe  specimen  was 
found,  in  great  abundance.  This  stratum  is  a  ferruginous  sandstone, 
one  of  the  subdivisiotJB  of  the  Inferior  oolite  ecen  at  Kuusmck  Bay 
and  other  parts  of  the  sea-coast  of  north  Yorkshire,  I  obtained 
numerous  specimens  of  the  same  objects  in  1832  and  subsequent 
years,  and  I  had  the  opportunity  of  examining  others  in  the  muscuma 
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erf  Scarboronghj  Whitbj,  and  York.  The  result  of  these  anti  other 
fltudieQ  was  a  momoir  written  more  than  thirly  years  ago,  but  not 
published  until  1868.*  The  conclusions  at  which  I  then  arrived  were 
that  the  two  very  different  objects  on  the  tablo  before  us  were  jjossibly 
the  male  and  female  reproductive  organs  of  some  DiteciouB  plant; 
and  &om  their  apparently  oonstant  ass^^ciation  in  the  Oolitic  sand- 
stone of  Saltwick  and  Hawsker  with  the  fronds  and  stems  of  the 
Cycad^  Zamia  gigaa^  1  said  **the  inference  that  they  are  parts  of  one 
plant*  though  incai^ble  of  proof,  is  forcibly  suggested,"  "  at  all  events 
sach  snggestions  will  raise  definite  points  for  future  investigation.'* f 

Fig«  1  represents  the  general  aspect  of  what  I  bailie vod  to  be 
lha  Andrcscium  or  male  organ.  The  globular  structures  a,  a  are 
flompoeed  of  a  circular  eeriee  of  narrow,  curved  bracts^  enolosing  a 
peeoliar  axis.  Fig.  2  represents  a  section  through  the  centre  of  this 
organism^  in  which  a,  a  are  these  bracts ;  h  is  the  central  pyriform 
ttjQs,  the  greater  part  of  which  is  invested  by  a  cortical  layer,  c,  of 
long  narrow  tubes  or  cellsi  disposed  vertically  to  the  sarfsee  of  the 
organ.  The  peduncle  {Figs,  1, d;  %d\  which  was  sometimes  branched, 
■a  in  Fig.  1,  was  clothed  with  shorter  overlapping  leaves  or  bracts 
(Figs.  1  and  2,  e).  The  supposition  that  the  cortical  lay  or  (Fig.  2,  c) 
potBibly  bare  antheridial  organs,  was  rather  inft:rred  ^om  the  struc- 
tare  of  th©  represonted  diagramatically  in  Fig.  3.  This 

figure  ropre«ents  a  sectioii  through  the  middle  of  a  verticil  of  in- 
curved bracts,  a,  which  have  coalesced  at  their  bases  iuto  a  cup-shaped 
pedund©  h.  This  organism  has  never  yet  been  found  attached  to  any 
other  ;  but  what  led  me  to  infer  that  it  was  possibly  a  gynoscium  or 
femalfi  structure,  was  the  aspect  of  the  upper  surface  of  the  free 
piation  of  each  hmck  which  has  the  appearance  seen  in  Fig.  4.  The 
raised  contral  ridge  a  is  arrested  at  fr  by  a  pair  of  oblong  depressions, 
which  seemed  bo  obviously  adapted  for  bearing  a  pair  of  Gy cadeaii 
erolea,  that  the  possibility  of  such  having  been  their  possible 
iBoddtm  aonld  not  well  be  overlooked.  Still  lower  down  (Fig.  3«  c) 
are  miia  of  little  circular  depresaiona  arranged  in  parallel  rows, 
wbk^  teem  to  indicate  the  former  position  of  other  unknown  organs. 

In  a  memoir,  published  in  the  '  Linnoan  Transactious  *  along  with 
mine,  Mr.  Carrathers  proposed  for  the  group  of  fosail  Cye^ids  to  which 
mj  plants  appeared  to  belong,  the  generic  nanje  of  Williamsouia; 
and  as  the  Cycad,  whose  stems  and  fronds  wore  associated  with  my 
JiMdl«|  was  the  Zamia  ghjos  of  authorSf  this  plasty  along  with  my 
fcNBlc,  stood  in  his  memoir  as  WillidrtiAmia  gifjast  the  type  represen- 
taliTe  of  the  new  geuua 

Sinoe  the  publication  of  the  above  memoirs,  new  intereBt  has  bosn 
givcm  to  the^  curious  fossils  by  the  discovery  that,  whatever  may  be 
tbdr  botamcal  afiinities,  they  represout  a  type  that  has  been  widely 


•  *  Ooalnbation*  to  ward*  tlio  Hiatory  of  ZamM  gigm,  by  W.  C,  WiUiaoasoii, 

*  Tnuiflictioui  of  thii  Linaean  Sogiety,'  vol.  xxvi.  p«  6^ 
t  Loc,  eit|  p^  ^2. 
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difliised  duritig  tliG  Oolitic  period.  Similftr  roprod active  organism b» 
thougli  of  verj  distinct  epecioB,  have  been  mot  with  in  the  OolitoB  of 


Fig.  1. 


Restored  bmtiching  peduncle  uf 
Wiltiamsonia  gifjQs. 
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India,  France,  and  some  of  the  Baltic  provinc^n ;  and  since  some  of 
tlioso  hflvo  boen  foand  apart  from  any  ossficiatt^d  Oyofldean  romains, 
reoBonablo  doubts  haTo  arisen  as  to  their  Cjcatloan  cliaractor.  TLe 
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immediate  result  hm  been  tho  limitation  of  tlio  genus  WilUameonia 
these  reproductive  orgiLnisms,  and  the  fe^toration  of  tlie  name 
Zamia  p^as  to  the  stetng  and  fronds  to  which  it  was  origm&Ily 
applied,  and  i^pecting  the  Cjc&dean  character  of  which  there  is  no 
doubt. 

What,  then,  are  WiUiamaonia  ffitja*  and  its  allies  ?  Dr,  Na.thorsfc  of 
Stuckholm  has  published  a  memoir,*  in  which  he  suggeets  that  it  has 
belui&ged  to  the  curious  fungoid-looking  order  of  the  BtJanophorie. 
Hill  eiiggefitiou  I  am  unable  to  adopt.  An  inspeution  of  the  shapeless 
and  diriTelled  Balauophorfl^^  seen  in  auj  herbarium,  will  suiBco  to 
ahow  the  improbability  of  their  having  cTer  been  foesilizod  into  tku 
elegant  and  sharply  defined  forms  of  the  WUliamsmitx  gitjas.  The 
lEan|iiis  of  Saporta  is  inclined  to  believe  thut  it  has  hi^nii  the  iu> 
iorsBcenoe  of  a  spadici floral  M*3iiocotjledon.  This  supposition  eeems 
to  me  quite  a^  devoid  of  probability  ^  that  of  M.  Nathorst  The 
texture  of  its  foUar  organs  still  appears  to  me  suggestive  of  an 
abundant  supply  of  the  ^ckrenchymaf  which  produces  the  firmness, 
aliuoet  rigidity,  so  characteristic  of  the  foliage  of  the  Gycads ;  and  I 
am  &r  from  certain  that  even  yet  its  nearest  relatives  will  not  be 
found  in  that  group*  Anyhow,  for  the  pieaent  we  mn  only  conclude 
that,  wbihst  Williaiusonia  represents  an  undotermmod  form  of  vegeta- 
tion, the  importance  of  the  genus  is  alike  evident  from  its  morpho- 
lugical  peculiarities  and  its  wide  geographical  diffusion. 

1  have  long  poeeesseit  this  specimen  of  a  curious  stem  from  tho 
bedft  in  which  WUHamonia  ^ga»  occurs,  and  which  has  been  briefly 
dmribed  by  Sir  Charlos  Biiubury  under  the  name  of  Calamifes 
^«aiiti4  The  occurrence  of  a  true  Calaraite  in  the  Oolitic  rocks 
would  be  a  palieoDtulogieal  fact  of  couBiderablo  importance;  but  I 
cannot  admit  tbo  Calamitean  character  of  the  plant  so  designated. 
Indeed  Sir  Charles  Bunbury  kindly  informs  me  that  he  has  no  strong 
convictiotis  &bottt  its  Calami tean  nature.  So  far  as  eiterual  appear- 
ances  mre  oonceimed,  it  more  clo&cly  resembles  the  stem  of  one  of  the 
^borettoent  Qraminete.  But  such  appearances  have  very  little  Tait- 
HDumii;  value.  Nevertheless,  the  plant  stands  ont  in  prouiiDent 
dutinctiYienei'S  frotn  amongst  tho  Ferns^  Cycadg,  and  Conifers  that  grew 
anMmd  it,  forcibly  suggesting  the  idea  of  an  arborescent  Monocoty- 
ledon ;  and  if  such  has  been  its  cbaroctor,  its  position  amongst  these 
older  Oolites  would  make  it,  if  not  the  earliest,  one  of  tho  earliest 
ispreaentatives  of  the  Mouocotyledonoua  group.  In  that  case  it  repre- 
■enti  a  link  in  the  outological  chain  of  vegetablo  life  of  great  im- 
pttTlUkee^  though  one  of  which  at  present  we  can  make  no  use. 

Tboiigb  we  have  no  great  difficulty  in  determining  what  are  and 
mhaH  &f«  not  ferns,  the  difficulty  is  often  insuperable  when  we  try  to 
■ifffilain  wjfcb  which  of  the  varied  fern-types  any  fossil  form  preseula 

*  Of^mtigt  af  Kongl-vekaakap»'Akademi&ua   ForhaudliDg^ar,  :  0 

•Mhohai. 

f  *  Quandrlj  JottmaJ  of  the  Geological  Society  of  LuQdao/  voL  viL  (16^51) 
^  YouX    (No.  76.)  a 
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thd  Btrongeet  affinities.  This  difficulty  is  especi&Uy  felt  wlien  study- 
mg  the  iSfge^  ill-definod  gonora,  Peeopterifl»  Neuroptoiifl,  and  Sphe- 
nopterifl.  Three  eramples  mtLj  be  selected  from  the  latter  genus  in 
illujstration  of  the  worthlesmess  of  our  presout  elasaification  of  these 
objet!t8. 

In  1837  I  figured  and  described,  in  the  '  Fossil  Flora  of  Grmt 
Britoin,^*  the  first  discolored  eiam pies  of  the  Yorkfibiro  Oolitic  genus 
Tjmpimophora,  Tboir  nature  was  then  wholly  problematical ;  but  in 
1844  f  I  diseoTored  that  the  T^mpanopkora  raeemara  was  but  ft 
sponmgial  pinnule  of  the  Pecopteris  Murra^ana  of  BroDgniart^  the 
^hetiopieria  Murrayana  of  Phillips,  I  have  now  before  me  another 
Sphenoptoris  from  the  Yorkebire  coast,  appflrently  the  Sphenopierta 
hffm&ncphyiloidc*  (S,  stipata  of  Phillips),  in  which  tho  fertile  pinnules 
are  also  Tyiapanophorfe.  Fig,  5a  represents  the  sterile  and  Fig.  5b 
the  fertilo  formii  of  this  plant.  Brongniort  eomparos  this  sporan- 
gial  fructification  with  that  of  the  arborescent  Thyreopteris ;  but  it 
may  with  equal  propriety  be  ooua pared  with  that  of  several  of  the 
Davollia^  or  Hare's-foot  ferns.  But  a  very  different  form  of  Sphonopteris 


Fig.  5a. 
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Sterile  leafleta  of  Sphem^tmrii 


Fertile  JeAfleU  or  Sphmopttrit 


hm  just  been  described  by  Mr.  Eobert  Kidson  of  Stirling,  under  the 
name  of  Sphenopteris  teneUa  of  Brongniart,  but  which  latter,  be 
informs  mo,  ho  now  regards  as  a  synonym  of  Gutbier^s  Sphenopi&%9 
lanceolataf  the  older  name.  I  am  indebted  to  Mr.  Kidson  for  sped- 
moDs  of  thi»  plant  with  tbo  sporangia  of  the  fertile  froadg  in  an 
exquisite  state  of  proservatiou.  As  is  so  often  the  ease  with  the  spore- 


•  Vol  ui.  pL  170. 

t  BrQDgal&rt'fl  *  Tableau  de«  genret  de  Vegetaux  fottilea,'  p.  46. 
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b»iiDg  fems  of  the  Paltooscoic  strata,  these  i^poro-bcwring  fronds  are 
reduced^  by  the  Don-devclopment  af  the  oellular  parenchyma,  to  little 
more  than  tlie  ekeletonised  vanation ;  and  it  m  so  iti  this  instance. 
As  Mr.  KidsoD  has  shown  in  his  memoir/  the  sporangia  aro  oval 
(Pig.  6a,  i),  and  planted  on  the  rachia  (Fig.  Ga^^)  or  midrib  of  the 
pnnule  in  two  parallel  rows,  those  of  each  row  alternating  with  thoee 
of  the  adjoining  one.  No  aunulus  is  present,  but  there  is  a  single 
tefminal  orifice  (Fig.  6a,  e),  through  which  the  imprisoned  spores 
hmm  escaped,  l^his  form  of  sporangium  is  identieiil  in  all  essential 
featnrea  with  that  of  the  recent  Danasa  and  the  fossil  Danojopsis,  in 

Fm.  6a*  Fig.  6a. 


Poftioiu  fif  two  rertilt  le«ilei»  of 


whidi,  also,  each  series  consists  of  two  rows  of  sporangia,  arranged 
in  altenuitiiig  order.  Fig.  6b  represents  a  fragment  of  the  sterile 
frond*  This  combination  of  a  Sphenopterid  frond  with  the  sporangia 
of  m  Banaea  is  wholly  unknown  at  the  present  day.  Mnny  other 
eqii^ly  nemarlcablo  combinations  occur  amongst  the  Falfeozoic  ferns. 
The  Carboniferous  strata  have  furnished  several  very  remarkable 
■len%  in  which  the  internal  structure  is  perfectly  preserred,  but  to 
llw  ■jstematic  relations  of  which  we  ha^  failed  to  obtain  an^r  clue. 
0mm  m  Uie  most  striking  of  these  ia  that  which  I  hare  described  under 
Ibo  nmbe  of  L^ginodendron  OId}minium,'\  of  which  we  have  not  only 
olllilttd  maU  twigs,  but  stems,  and  such  numerous  casts  of  tbe  cx- 
Ittioni  of  stoms  a&  prove  it  to  have  been  a  tree  of  large  dimensions^ 
mA  Absndatitly  distributed  over  wide  areas  j  yet  wo  know  nothing 
mf^M     its  foliage  or  of  its  botanical  affinities.  Fig.  7  represents  an 


*  *Ob  fbe  fruetiflcatioa  of  Ibo  Euipheiu^irns  trngUa  and  SphenopUfit  mtcrO' 

Bcyal  PliTsloiil  Society,  FAmhnrgh,  April  VAK  1883. 
t  *  0>cwtiiittfln  af  Uiv  Plaate  of  the  Cgftl  M^wiuf^i.'   •  Phil  Tnuu/  1873, 
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outline  of  a  tranaverse  section  of  &  yoimg  branch  less  than  an  ijich  in 
diametei'*  We  have  a  cellular  pith,  a,  enclosed  within  a  va&ciilar  zone* 
The  latter  coneista  of  detached  cl asters  of  vessels  at  b,  surronnded  by 
a  regular  exogenous  cylinder,  c,  coraposod  of  thin,  radiatingj  vasciilar 
laminoB,  separated  by  large  medullary  ray  a.  This  ssotie  wae  surrounilod 
by  a  cambium  layer,  through  -^vliich  it  obtained  additions  to  its 
periphery  until  it  became  a  large,  eiogenoualy-developed  tree*  Exter- 
nally to  the  Tasoular  ^one  was  a  thick  bark,  chiefly  composed  of  two 
layerfl      h*   Two  other  &ctfl  of  morphological  importance  ms,f  be 
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noticed.  Four  or  five  pairs  of  isolated  vascular  bundles,  pass  verti- 
cally through  the  inner  bark,  close  to  the  periphery  of  the  vascular 
zone,  each  pair  of  which  eventually  moves  obliquely  outwards  to  some 
unknown,  but  moat  probably  foliar,  appendage.  Upon  the  nature  of 
tbcee  appendages  leu  years  of  diligent  search  has  failed  to  throw  any 
light. 

The  second  fact  is  connected  with  the  vascular  zone,  c,  when  in  its 
very  young  state.  The  vascular  bundles,  6j  the  vessels  of  which  were  not 
arranged  in  radiating  order,  then  constituted  an  almost,  if  not  absolutely 
unbroken  ring,  and  were  surrounded  by  the  equally  uninterrupted 
eiogenoufl  zone,  But  the  general  growth  of  the  latter  and  of  the 
pith  was  not  accompanied  by  any  correRponding  growth  of  this  inter- 
mediate vascular  zone,  b ;  hence  this  became  broken  up  into  the 
detached  portions  (Fig,  7  h)  already  mentioned.  So  long  as  the 
exogenous  cylinder,  c,  retaiucd  its  integrity,  it  was  surrounded  by  mi 
equally  uninterrupted  zone  of  cambium,  the  instrument  of  its  exttge- 
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noma  grow^.  But  thesd  regular  conditions  h&Te  frequently  been 
disturbed ;  first  by  the  cambiutn  ring  extending  itself  partiftUy  or 
wliCiUy  aronnd  one  or  both  of  the  free  paired  bundles,  e,  leading 
eitber  to  a  one-sided  development  of  exogenous  vascular  laminte  on 
tbftir  ©xtetual  sides,  as  at  Fig.  7,  e\  or  sometimes,  aa  in /,  entirely  sur- 
rounding B,  bundle  witb  a  complete  cylinder  of  radiating  laiaiuEB. 
But  further  irregular  developments  have  sotnetimes  taken  place. 
Some  of  the  cellular  medullary  rays  separating  the  vascular  lamina 
of  the  zone  c  have  undergone  groat  enlargement^  breaking  up  the 
2one  into  several  Rogments  of  a  circle ;  and  in  one  sucb  examjile  in 
my  cabinet,  the  cambium  has  extended  itself  centripetally  roEud  the  two 
converging  sides  of  vascular  segment,  and  formed  a  boundary  line 
between  its  inner  angle  b  and  the  pith  a.  The  couaequence  of  this  has 
been  the  unwonted  development  of  new  vascular  laminm,  which  pro» 
ject  centripetally  into  tbe  pith  from  the  cluster  of  non-radial  vcssela  h. 

This  tendency  to  a  multiplication  of  independent  centres  of 
exogenous  growth  within  the  area  of  an  enclosing  hark,  inevitably 
reminds  the  botaniHt  of  the  not  wholly  diesimilar  conditions  cbatao- 
toristic  of  some  Bapindoce®,  such  as  Faullinia  and  Sejania*  Only 
what  is  a  variablo  feature  in  the  Lyginodendron,  is  in  these  latter 
plants  a  rcgalar  and  normal  one ;  but  the  strong  tcndonoy  to  such 
pecnliar  variations  in  an  archaic  type  may  easily  be  conceived  to  have 
led  to  the  ultimate  production  of  more  constant  differentiated  forms. 

A  second  remarkable  and  anomalous  stem  from  Burntisland,  in 
f^esbire,  is  described  in  the  same  memoir  as  the  Lyginodendron, 
under  the  name  of  Heieranffiutn  Grievii  This  plant  must  have  been 
suifictently  abundant  to  have  formed  a  couBpicnous  object  in  the  Car- 
boniferous forests  of  that  portion  of  the  primeeval  world  ;  yet  we  ara 
as  ignorant  about  its  foliago,  jructification,  and  botanical  relationshipe 
«A  we  are  of  those  of  tho  Lygi  notion  dron. 

Id  th©  *  Philosophical  Transactions'  for  1878  I  described,  under 
the  generic  name  of  Asteromyelon,  the  central  portions  of  the  stem  and 
braocbes  of  a  plant  that  was  very  common  in  the  carboniferous  area 
of  west  Yorkshire,  eastern  Lancashire,  and  the  intermediate  Pennine 
HiUi^  The  discovery  of  its  curious  bark  two  years  ago  was  made  the 
oecABion  by  Meesn.  Oaah  and  Hicks  of  giving  to  this  plant  the 
speci^c  name  of  WiUiunsonia.  In  the  general  plan  of  its  organisa- 
timi  this  plant  has  many  features  in  common  with  that  of  the  living 
Manilae.  This  is  especially  the  case  with  the  bark  ;  but  it  exhibits 
exteofdiiiary  variability  in  the  structure  of  its  centi^  axis.  Some- 
Umm  the  actual  centre  is  occupied  by  a  vascular  bundle  from  wbicb 
eidtnenlB  are  almost,  if  not  wholly,  excluded.  In  other  cases 
fill  MBte  ifl  occupied  by  a  very  large  and  beautiful  pith,  transverse 
tffltifftiff  of  which  present  the  exquisite  stellate  form  that  lad  me  to 
gif«  Ut  fine  object  its  generic  name  of  Asteromyelon,  We  have  hero 
Miotlwr  eswEnple  of  an  organism  exhibiting  gr^t  variations  of  struo- 
t»«i  doe  pMily,  no  doubt,  to  differences  of  function,  but  partly  to 
MSamoe  oi  surroundings. 
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Another  gronp  of  anomalous  objects  has  beeu  found  in  the  coal* 
maaenree,  to  which  I  have  given  the  provisional  name  of  Sporocarpon, 
Th&86  are  small,  spherical,  hollow^  oelltilar  structures,  often  £l!od 
with  free-cells,  reminding  na  of  manj  of  the  roprodaclive  etrnctureB 
of  tho  HhizocarponB  plants.  I  have  little  doubt  thftt  those  are  tmlj 
repHxluctive  struct  ares,  but  we  ha^e  as  jot  wholly  failed  to  difiOOTor 
to  whftt  known  fossil  plants  they  belong,  or  to  what  order  they  must 
be  ttBsigued^  Yet,  as  in  the  case  of  some  other  objects  to  which  I  hiTO 
already  ret^rred,  they  are  so  far  from  being  rone,  and  their  indiriduality 
of  form  is  so  marked^  that  they  can  tint  have  iKoen  nnimportaiit  morpho- 
logioiil  members  of  th©  Palroozoic  Vegetable  Kingdom.  They  represent 
links  in  the  scale  of  life— but  we  kunvv  not  what. 

The  multiplicity  of  these  indetern^inablo  ^traeturee  ie  great,  and 
oonBequontly  apt  to  disconragQ  the  investigator  ;  at  the  same  time  ho 
has  bis  enuonragoments,  since  some  that  have  long  been  equally 
obscure  have  at  length  rewarded  persevering  research  by  yielding  np 
their  secrets.  Two  instances  may  be  quoted  aa  exatnples  of  forms 
with  which  we  have  long  been  familiar,  but  whose  true  nature  has 
been  ascertaineil  but  roC'Sntly^  In  tho  first  of  these  our  succesfi  has 
been  but  partiaL  I  long  ago  diauovtred  nunjorous  small  spherical 
objects,  especially  in  the  lower  Carboniferous  beds  at  Halifai^  to  which 
I  aseigned  the  name  of  Zygosporitcs  (Fig.  8) :  similar  objects  appear 
to  have  been  met  with  iii  France,  and  were 
believed  by  one  French  naturalist  to  be  Zygo- 
spores of  the  well-known  aquatic  living  group 
of  the  Desmidea^.  I  saw  no  HuScient  reason 
for  recognising  the  existence  of  Desmids  during 
the  Carboniferous  age.  The  problem  has  been 
solved  by  the  recent  discovery  of  these  object! 
in  the  interior  of  a  true  Spomugium,  proving 
them  to  be  the  spores  of  some  Oryptogamio 
plant  very  different  froru  a  Desniid*  Thus  much 
is  finally  settled.  But  wo  may  venture  further 
and  say  that  they  are  tho  spores  of  a  Strohilus,  which  I  some  time 
ago  described  under  the  name  of  Volkmannia  Dawsonu  We  have  yet 
to  learn  with  certainty  to  what  plant  this  Strobilna  has  belonged* 
The  probabilities  are  that  it  was  Asteropbyllitean. 

My  second  instance  is  still  more  important  in  its  bearing  upon 
Palwontological  Darwinism.  Some  years  ago  a  very  remarkable 
specimen  was  discovered  in  the  lower  coal-measures  at  Gran  ton,  near 
Edinburgh,  to  which  the  name  of  PoihoMiies  Orantom  was  given,  and 
which  has  been  quoted  by  Sir  Charles  Lyell  and  others  *  aa  a  flower- 
ing plant.  LyeU  Bays,  The  fossU  has  been  referred  to  the  Aroidin^ 
and  there  is  every  probability  that  it  is  a  truo  member  of  this  order. 
There  can  at  least  be  no  doubt  ae  to  the  high  grade  of  its  organisatioUf 
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and  that  it  belongs  to  the  MouoeotylcdoDs."    I  long  ago  eipressed 
my  BtioiLg  doubts  as  to  tbe  correctQeea  of  tliis  aHsertion.*    On  a 
recent  Tiait  to  tbe  Museum  of  tbe  Glaegaw  Uuiveraity,  my  Mend, 
Mr.  Jolm  Young,  showed  me  one  impreSBion  of  a  newly  dii^covered 
Bpccimen  of  the  samo  plant  which  fully  justified  my  scepticifim  as  to 
its  Phanerogamous  nature.  The  opposite  and  more  perfect  impression 
was  in  the  hands  of  Mr.  Robert  Eidson,  who  has  siuce  described  this 
and  other  examples  in  a  paper  now  passing  tb rough  the  press,  bnt 
who  has  not  only  provided  me  with  impressionH  of  the  yet  nnpubliahed 
plates,  but  has  kindly  allowed  me  to  copy  hie  figure  of  the  Glasgow 
specimetj  in  the  woodcut  (Fig.  9).   The  fbssil  is  evidently  the  fructifi- 
cation of  a  plant  of  the  Aster  op  nyllitean  type,  having  a  jointed  stem, 
o,  giving  off  verticils  of  short  leaves,  not  only  at  the  nodes  of  the  nude 
stem  (b),  but  at  those  {h\  b')  of  the  epore-bearing  part  of  the  brancb.f 
Unfortunately  none  of  the  specimenH  of  Pothosites  hitherto  dis- 
Cjovered  retain  any  traces  of  the  internal  organisation  of  thoir  stems. 
But  there  ia  not  much  difficulty  in  determiniug  the  general  features 
of  this  organism.    The  constrictions,  h\  are  obviously  nodes  like  thooe 
of  the  naked  stem  h,  hence  the  thickened  jointe,  c\  corrc^spond  to  the 
intemodes  c.     Now  none  of  those  Astorophyllitean  plants  give  off 
organs  of  fructification  from  the  intemodes.    They  always  spring 
directly  or  indirectly  from  the  nodes.  Each  joint,  c\  of  Fig.  9  is  made  up 
of  longitudinal  lines  of  Sporangia  which  can  have  no  organic  union  with 
the  stem  which  they  invest,  save  at  the  node  immediately  below  each 
joint.    In  the  hitherto  known  forms,  the  Sporangia  spring  directly  or 
mediately  from  the  axils  of  Bepara.te  leaves;  but  they  are  frequently 
supported  on  separate  small  hranchea,  which  spring  in  verticils  from 
the  node  of  some  larger  stem,    I  surmise  that  such  is  typically  the 
case  in  the  Potliosites ;  only  instead  of  each  secondary  branch  consti- 
tuting a  distinct,  free  strobilus,  as  in  Yolkinannia  and  other  allied 
forms,  these  strobili  have  here  coalesced  laterally,  forming  a  cylin- 
drical investment  of  each  intoraod©  of  the  a:Kis — as  the  free  anthers 
€f  an  ordinary  flower  have,  in  the  Comjjositffi,  coalesced  into  a 
cylinder  enclotung  the  ^htih  This  explanation  seems  to  me  to  indicate 
the  true  place  of  the  Pothosites  amongi^t  the  Yerticillate^leaved  plants 
of  the  coal-measures.  At  any  rate  we  learn  how  great  would  have  been 
the  mistah©  of  any  framer  of  floral  genealogies  who,  trusting  to  the 
authority  of  text-bookB,  made  the  Monocotyledons  originate  with 
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t  Mr.  Kidaoti  thlukB  that  the  plant  ii  the  fructification  of  the  eeuui  Boniea» 
I  ikm  not,  hnwev«r,  Biire  thni  it  can  yet  be  identified  with  that  obneuie  goaus. 
At  present  the  entire  group  of  tbeae  verticillBte4eaved  Carbon ifLiroua  p\a.nU  ia  in 
a  state  of  hopeless  ooofu^ioii,  ftam  which  I  fear  we  ahall  be  lou^  iti  eaoapinf^, 
iinti^  knowltdg^  of  the  interna!  structure  alone  will  enable  ua  to  determine  the 
typefi  nf  Btem  tfi  which  thej  several ly  belong.  At  present  we  are  only  famlLtAr 
with  thoaa  of  Oalamiteii,  Asteropiiyllite;^,  and  Spbcnophyllum,  atid  cannot  even 
identify  tho  Icavea  of  the  first  two  of  these  genera  wheu  detached  from  such 
parent  ttoma  u  retain  their  internal  stmotarea, 
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Fotbosites  dtiriag  the  Carbotiiferoiis  age.  It  has  followed  the  genuB 
Palmacilee,  now  proved  to  Ije  a  Fern,  md  no  ottiar  known  trace  of  any 
Angiciapemi  remamfi  ageocitited  with  the  Pal ibo zoic  rocks, 

I  have  already  referred  briefly  to  one  more  difficulty  that  inter ferea 
wiiL  all  utteoipts  to  demotiBtrato  in  dctt^il  the  evolutioii  of  the  yegetable 
kingdom ;  I  allude  to  the  numerous  objects  that  have  been  named 
and  clasd^fied  as  Algse :  Of  the  Algoid  character  of  some,  possibly  of 
maiiy^  of  theKe  forme  there  can  bo  no  doubt,  but  unfortunately  the  un- 
qucstiooable  examples  are  the  more  recent  ones,  which  hare  little  or 
no  bearing  upon  the  Darwinian  problem.  That  some  form  of  marine 
vegetation  must  have  eiiated  prior  to  the  advent  of  the  Phytophagoua 
raoUuses  and  other  animals  whose  remains  abound  in  the  Cambrian 
rocks,  tm  too  obriouB  to  require  further  proof  than  that  which  is  supplied 
by  the  existence  of  such  animals.  Hence  when  we  find  in  these  FaLso^oio 
iticks  objects  that  took  Uke  Fucoids,  there  is  an  a  priori  probability  in 
favour  of  their  being  go.  But  the  detailed  construction  of  a  demon^ 
tlnition  like  that  junt  referred  to  demands  more  than  this.  In  assign- 
ing to  each  object  its  actaol  place  in  the  ontological  history  we  must 
have  a  fair  approximation  to  certainty  as  to  the  organisation  and 
Taxononuc  piisition  of  such  objects.  But  this  is  exactly  what  we  fail 
to  obtain  in  the  case  of  these  so-called  Palsozoic  Fucoids.  Dr. 
Nalhorat  haiS  recently  advanced  strong  evidence  supporting  his  con- 
cinaioii  that  many  of  these  objects  are  merely  inorganic  casts  of  the 
tndks  of  various  animals  that  have  crawled  over  the  plastic  sea-bed. 
On  the  other  hand,  many  have  already  been  identiBed  as  imperfectly 
preserved  branches  of  plants  of  comparatively  high  organisation. 
Hmca  we  must  regard  with  extreme  caution,  all  attempts  to  press 
these  dnbiouB  fragments  into  the  service  of  evolution.  But  the  temp- 
tation for  the  evolutionist  to  do  so  is  a  strong  one,  since  the  doctrine 
demands  the  prevalence,  during  primeoval  times^  of  such  lower  forms 
of  plant  life. 

At  preeemt  we  have  one  fact  of  the  needed  kind  which  seems  to  be 
eorreetly  interpreted,  viz,  that  a  true  Fungus  of  a  low  order  existed 
during  the  middle  period  of  the  Carboniferous  ago.  The  Perono^ 
§foriteM  antiquittSt  from  the  lower  coal -measures  of  Halifax,  eeems  to 
be  an  indisputable  Fungus. 

The  general  conclusions  at  which  our  present  knowledge  justifies 
oar  arrival  seem  to  be  these:— The  Pabsozoie  rocks  have  hitherto 
famishe>d  no  traces  of  plants  of  a  higher  organisatiou  than  that  of  tho 
Qymiio«  perms,  and  even  theso  latter  are  not  of  the  most  developed 

r.;  the  vast  mass  of  the  coeval  vegetation  is  Cryptogamic. 
advent  of  true  Phanerogams  is  at  present  only  proved  to  have 
taken  ftlaoe  during  the  Oolitic  period.  So  far,  these  general  pheno- 
BMfiA  an  wach  as  the  evolutionist  would  demand.  But,  receding  into 
fta  ramotar  past,  ws  obtain  no  further  information.  These  Gymno- 
■pimii  existed  not  only  during  the  Carboniferous  period,  but  wore  as 
yg^47  organised  during  the  Devonian  ago  as  when  the  coal-beds  were 
Muralated.   Here  we  again  stop.    We  may  ask,  what  were  the 
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anceBtorB  of  tlieso  ancieDt  Dadosylons,  mid  the  Ojcadean  plants  tliat 
grew  by  their  Bide,  along  with  FeraSj  Lcpidodondraj  Calamites,  and 
other  Pulroozoic  forma  of  vegetatioB  *?  The  scanty  fragmeotB  obtained 
from  tbo  Siluriati  rocka  give  m  no  trustworthy  answer  to  this  quoa- 
tion — ecaroely  an  ignis  faiuus  glimmers  before  our  eyes. 

It  IB  further  obvious  that  the  numerous  plauts  of  unoertain  a£&nities, 
eome  of  which  hare  formed  the  epecLal  subjects  of  this  lecture,  must 
have  played  an  important  part  in  the  Outogeny  of  the  Palfeozoic  flora« 
Though  as  I  have  shown,  we  already  know  much  of  tlie  internal 
organiaation  of  theae  plants,  we  caimot  at  present  asBign  to  them  their 
true  botanical  positions.  How  touch  lees  can  we  assign  that  position 
to  plants  of  which  we  only  know  ohacure  external  forms,  which  rarely 
can  be  implicitly  relied  upon,  apart  from  organisation.  Yet  a  philo^ 
sophio  constructor  of  a  genealogical  tree  of  the  vegetable  kiDgdom 
cannot  ignore  aU  these  ohjecte.  The  time  has  not  yet  arrived  for  the 
appointment  of  a  botanical  King-at-arms  and  constructor  of  pedigrees. 

Whilst  BO  many  problems  connected  with  the  Palteozoic  flora 
remain  unsolved,  one  fact  may  he  regarded  as  established  indisputably. 
The  forest  scenery  of  the  Carboniferous  and  Devonian  ages  roust  have 
been  monotonous  and  gloomy.  The  woodland  expanse  may  have  dis- 
played many  varied  and  graceful  forma.  The  uplifted  stems  and 
feathery  foliage  of  the  Calami teau  plauts  may  have  been  projected 
against  the  rounded  outUnes  and  drooping  branches  of  the  giant 
Lepidodondra.  The  lowland  forests  may  have  been  bounded  by  groups 
of  pine-like  Dadoiylons  flourishing  upon  the  higher  and  drier  hilla; 
bnt  hill  and  dale  would  eq^ually  lack  the  gorgeous  colouring  supplied 
hy  the  floral  world.  Viewed  from  a  distance,  the  scone  may  have 
resembled  a  tropical  landscape  of  the  present  time,  seen  nndar  similar 
conditions.  Though  the  traveller^  penetrating  the  shady  recesses  of 
a  tropical  forest,  occasionally  comee  upon  some  small  oasis  gay  with 
flowers,  such  displays  are  too  few  and  too  isolated  to  relieve  the 
monotonous  green  of  the  outspread  landscape.  The  tropics  have  no 
lines  of  fragrant  hawthorns,  whose  masses  of  snowy  hloesom  give  light 
and  beauty  to  the  scene.  Summer  there  weaves  no  carpet  clothing 
meadow  and  pasture  with  yellow  buttercups  and  "  wee  crimson  tipped" 
flowers.  Autnmn  makes  no  upland  slopes  reflect  back  the  golden  huea 
of  the  furze,  shining  in  richest  yet  most  harmonious  contrast  with  the 
heather purple  bloom-  Such  widespread  glories,  absent  from  the 
equatorial  zone,  now  belong  to  our  own  more  favoured  clinios.  In 
Paleozoic  timeSj  they  were  lacking  &om  every  portion  of  the  prima&val 
world, 

[w.  a  w.] 
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Friday,  Febriiary  23,  1883. 

Sir  Fkjcdeeios  Pollook,  Bart,  M.A.  Yice-PreBident,  in  tlie  Ch&if* 

Walteb  Heebies  PollooKj  Esq,  M,A. 

Sir  Frantin  Drake^ 

Tww  speaker,  m  a  brief  biographical  sketchf  included  a  defence  &nd 
eologinm  of  Sir  Francis  Drake,  based  upon  authentic  eyideQOe,  mana- 
Beript  and  prioted,  horn  which  many  ei tracts  were  given.  Mr.  PoUock 
confuted  the  erroneous  opinion  that  Drake  was  of  mean  parentage  in 
tbe  modem  aeuBe,  a  notion  dne,  as  Dr.  Drake  has  shown,  to  Camdeu'e 
Latin  word  "  mediocrlB  "  being  then  rightly  translated  **  m^m  e. 
middling.  Drake  was  proved  to  be  not  a  mere  freebooter,  but  a  man 
who  loTed  his  country,  and  who  bated  Spain  with  the  Protestant  hatred 
of  the  time,  as  well  m  for  his  own  private  wronpa.  His  first  voyage 
was  with  Hawkins,  in  1563,  when  ho  shared  in  the  defeat  in  the  Bay 
€pf  Mexico.  Of  his  great  voyBge,  known  ae  **  the  World  Encompassed/' 
begun  in  November,  1577,  many  interesting  details  were  given.  The 
Oonspiraoy  and  pnuiehment  of  Thomas  Doughiy,  one  of  the  captains, 
was  dwelt  on  at  some  length  on  account  of  its  most  important  relation 
|o  Drake's  moral  character,  and  because  it  has  aerved  as  a  convenient 
liandle  for  those  who  are  disposed  to  dismiss  Drake  and  his  compeers 
with  the  words  "  Pirates  all.**  The  evidence,  when  considered  on  nH 
ddefit  led  to  the  inevitable  conclusion  that  the  execution  was  an  act  of 
stern  bat  necessary  justice.  Donghty  confessed  hia  crime,  and  imme- 
diately before  bis  death  took  the  sacrament  with  Drake  and  his  other 
judges.  Among  many  in  teres  ting  facts  respecting  Drake,  Mr.  Pollock 
referred  to  his  great  engineering  skill  in  supplying  Plymouth  with 
an  abundance  of  fresh  water  by  a  chimnel  locally  called  "  The  Leat/' 
brought  from  the  confines  of  Dartmoor,  a  distance  of  twenty-four 
tnilee.  This  was  an  incalculable  heoefit  to  the  town  and  to  the  fleet. 
Bemarks  were  made  on  Drake's  "  singeing  the  King  of  Spain's  beard  " 
at  Gadi2,  and  on  the  defeat  and  dispersion  of  the  SpauiBh  Armada^ 
Mr.  Pollock  quoted  as  a  specimen  of  Drake's  character,  as  expressed 
by  his  style  in  writing  his  answer  to  the  false  reports  as  to  the 
Armada,  eet  about  by  the  8[)aniarde.  They  were  not  ashamed  to 
poblisb  in  sundry  languages  in  print  great  victories  in  words,  which 
they  pretended  to  have  obtained  agaiiist  this  realm,  and  spread  the 
aame  in  a  most  false  sort  over  all  parts  of  France.  Itnly,  and  elsewhere  ; 
whm  shortly  afterwards  it  was  happily  manifested  in  very  deed  to  all 
iiAtioiis  bow  their  navy,  which  they  termed  invincible,  consisting  of 
%m&  bimdred  and  forty  sail  of  ships,  not  only  of  their  own  kingdom, 
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but  strengthened  witli  the  greatest  Argosies,  Portugal  c^rracks^ 
Florentines,  and  large  bulks  of  otlier  countries,  were  by  thirty  of 
Her  llajt^sty's  own  ships  of  war  and  a  few  of  our  merchants,  by  the 
wise^  valiant,  antl  advantageous  conduct  of  the  Lord  Charles  Howard^ 
High  A^lmiral  of  England,  beaten  and  sbuffltKl  together,  even  from 
the  Lizard  in  Cornwall,  firet  to  Portland^  where  tbey  shamefully  left 
Don  Pedro  de  Valdez  with  his  mighty  ship  ;  from  Portland  to  Calais, 
where  they  lost  Hugh  de  Moncado  with  the  galley »  of  which  he  was 
captain ;  and  from  Calais,  driven  with  equiba  from  their  anchors,  were 
chased  out  of  the  sight  of  England,  some  about  Scotland  and  Ireland, 
where  for  the  sympathy  of  their  religion,  hoping  to  find  sticcour  and 
BBsistance,  a  great  part  of  them  wore  cruehod  against  the  rocks,  and 
tiu>se  other  that  landed,  being  very  many  in  number,  were^  notwith- 
gtandiDg,  broken,  slain,  and  taken ;  and  so  sent  from  village  to  village 
coupled  in  baiters,  to  be  shipped  into  England,  where  Hor  Mojosty,  of 
her  priueely  and  invincible  disposition,  disdaining  to  put  thom  to  death, 
and  seornLug  either  to  retain  or  entertain  them,  they  were  all  sent 
back  again  to  their  countries,  to  witness  and  recount  the  achievement 
of  their  invincible  and  dreadful  navy.  Of  which  the  number  of  ^Idiers, 
the  fearful  burthen  of  their  ships,  the  commanders*  names  of  every 
squadron,  with  all  other  magasdnes  of  provisions,  were  pnt  in  print  ng 
au  army  and  navy  irresistible  and  disdaining  prevention,  with  all  which 
their  great  terrible  ostentation  they  did  not  in  all  their  sailing  round 
about  England  so  muoh  as  sink  or  take  one  ahip,  bark,  pinnace,  or 
eeckboat  of  ours,  or  even  burn  bo  much  as  one  eheepcote  on  this  land.'* 
Drake  sailed,  with  Sir  John  Hawkins,  on  a  last  and  disastrous  voyage 
to  South  America,  which  closed  the  careers  of  both  the  Commandera, 
Hawkins  died  on  Nov.  12,  1595  j  and  Drake  died  of  a  dysentery — it 
is  said  also  of  a  broken  heart^on  Jan.  28,  1596.  The  discourse 
oonolnded  with  an  eloquent  summary  of  the  fine  qualities  of  our  great 
naval  hero. 

[W.  H.  P.J 
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WrLLiAM  BowMANj  Esfj.  LL.D.  F.E,S.  Honorary  Secretary  and 
Vice-President,  in  tlie  Chair. 

C.  Vrbmon  Botb,  Esq. 

Meters  far  Power  and  Eleetrieiiif, 

Tax  Bubject  of  this  evening's  diaoonrfie: — Meters  for  Power  and 
Electricity/'  m  unfortimately,  from  a  lecturer's  point  of  view,  one  of 
eitreme  difficulty ;  for  it  is  imposBibl©  to  fully  deecribo  any  single 
iiistrmaont  of  the  class  without  diving  into  technical  and  mathenrnticAl 
niceties  which  this  audience  might  well  consider  more  scientific  than 
entertaining.  If  then,  in  my  endeavour  to  explain  these  instruments 
and  the  purposes  which  they  are  intended  to  fulfil.  In  knguage  aa 
Bimple  and  as  nntechnical  as  possible,  I  am  not  as  successful  as  you 
have  a  right  to  expect,  I  must  ask  you  to  lay  some  of  the  blame  on 
my  enhjeet  and  not  all  on  myself. 

I  shall  at  once  explain  what  I  mean  by  the  term  « meter,"  and  I 
ahall  take  the  flow  of  water  in  a  trough  ^  an  illustration  of  my 
meaning.  If  we  hang  in  a  trough  a  weighted  board,  thon,  when  tha 
water  flowB  past  it,  the  boeu^  will  be  pushed  back :  when  the  current 
of  water  is  strong,  the  botird  will  be  pushed  back  a  long  way :  when 
the  corrent  is  less  it  will  not  be  pushed  so  far :  when  the  water 
^nna  the  other  way  the  board  will  be  pushed  the  other  way.  So  by 
obvemng  the  position  of  the  board,  we  con  tell  how  strong  the  current 
ef  Wftter  is  at  any  time*  Now  suppose  we  wish  to  know,  not  how 
rtrong  the  current  of  water  is  at  this  time  or  at  that,  but  how  much 
water  altogether  has  passed  through  the  trough  during  any  time,  as 
for  instance,  one  hour.  Then,  if  wo  have  no  better  instrument  than 
tho  weighted  board,  it  will  be  necessary  to  observe  its  position  con- 
tinnously,  to  keep  an  exact  record  of  the  corresponding  rates  at  which 
the  water  is  passing,  every  minute,  or  better  every  second,  and  to  add 
up  all  the  values  obtained*  This  wouldj  of  course,  be  a  very  tronble- 
aoffiii  process.  There  is  another  kind  of  instrument  which  may  be  nsed 
to  measure  the  fiow  of  the  water: — a  paddle-wheel  or  screw.  When 
the  water  is  flowing  rapidly  the  wheel  will  tum  rapidly,  when  slowly, 
the  wheel  will  turn  slowly,  and  when  the  water  flows  the  other  way, 
the  wheel  will  turn  the  other  way,  so  that,  if  we  observe  how  fast  the 
wheel  is  taming  we  can  tell  how  fast  the  water  is  fi owing.  If  now, 
we  wish  to  know  how  much  water  altogether  has  passed  through  the 
trough,  the  number  of  turns  of  the  wheel,  which  may  bo  shown  by 
•  eoontert  will  at  once  tell  us.  There  are  tharefore,  in  the  case  of 
vmter,  two  kinda  of  instruments^  one  which  measures  at  a  time,  and 
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the  other  during  a  time.  The  term  meter  should  he  oon&ied  to 
iQetnimetits  of  the  second  c\nsff>  only. 

As  with  water  bo  with  electricity,  there  are  two  kinds  of  meaeuriiig 
instrumeuts,  one,  of  which  the  ga!vanoni©tor  may  be  taken  as  a  type, 
which  6ho\¥a  by  the  poeition  uf  ft  magiiet  how  strong  o  current  of 
electricity  is  a/  ft  time,  and  the  other,  which  shows  how  much 
electricity  has  paesed  duriti/^  any  time.  Of  the  first,  which  are  well 
understooil,  I  shall  say  nothing ;  the  socond,  the  new  electnc  meters 
and  the  correfipondiug  meters  for  power,  Etre  what  I  have  to  speak  of 
to-night. 

It  is  hardly  uoceseftry  for  mo  to  moution  the  object  of  making 
electric  meters.  Every  one  who  has  had  to  pay  his  gm  bill  once  a 
quarter  pi^Dbably  quite  appreciates  what  the  electric  meters  are  going 
to  do,  and  why  they  are  at  the  present  time  attractiDg  so  much 
attention.  So  soon  as  you  hnyo  electricity  laid  on  in  your  houses,  as 
gas  and  water  is  laid  on  now,  so  sooti  will  a  meter  of  some  sort  he 
necessary  in  order  that  the  eompftuiea  which  supply  the  electricity 
may  be  able  to  make  out  their  quarterly  bills,  and  refer  complainiog 
cuatemera  to  the  faithful  iudicationa  of  their  extrayagance  in  the 
myfiterioua  cnphoard  in  which  the  meter  is  placed. 

The  urgent  necessity  for  a  good  meter  has  called  such  a  host  of 
inventors  into  the  field,  that  a  complete  account  of  their  labours  is 
more  than  any  one  could  hope  to  give  m  an  hour*  Since  I  am  one  of 
this  hofit,  I  hardly  like  to  pick  out  thme  inventions  which  I  consider 
of  value.  I  cannot  describe  all,  I  cannot  act  aa  a  judge  and  say  these 
only  aro  worthy  of  your  attention,  and  I  do  not  think  I  should  he 
acting  fairly  if  I  were  to  do&cribe  my  own  instruments  only  and 
ignore  thoeo  of  every  one  olse.  The  only  way  I  see  out  of  the  di^ulty 
13  to  spoak  more  particularly  about  my  own  work  in  this  direction, 
and  to  speak  generally  on  the  work  of  others. 

I  must  now  a^k  you  to  give  your  attention  for  a  few  minuted  to  a 
little  abstract  geometry.    We  may  represent  auy  changing  quantity, 

as  for  instance  the  atrcngfli  of  an 
Fig.  1^  electrical  current^  by  a  crooked 

line.  For  this  purpose  we  must 
draw  a  straight  line  to  represent 
time,  and  make  the  distance  of 
each  point  of  the  crooked  Lne 
above  the  straight  line  ft  measure 
^-TT^  of  the  strcugth  of  the  current  at 
'  the  corresponding  time.    The  size 

_  -  of  the  figure  will  then  measure 

the  quantity  of  electricity  that 
has  passed,  for  the  stronger  the  current  is,  the  taller  the  figure 
will  be»  and  the  longer  it  lasts  the  longer  the  figiiro  will  be,  either 
cause  makes  both  the  quantity  of  electricity  and  the  size  of  the 
figure  greater  and  in  the  same  proportion  :  so  the  one  ia  a  meaeiu^  of 
the  other.    Now  it  is  not  an  easy  thing  to  measuro  the  size  of  a 
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fignre,  tlie  distance  round  it  tells  DotMng  ;  tbere  Ib^  howeTer,  a  geo- 
metrical method  by  whieh  its  size  may  be  found.  Draw  another  line, 
with  a  great  steepness  where  the  figure  is  tall,  and  with  a  less 
steepness  where  the  height  is  lesBj  and  with  no  steepness  or  horizontal 
where  the  figure  has  no  height.  If  this  ia  done  accurately,  the  height 
to  which  the  new  line  reaobea  will  measure  the  size  of  the  figure 
fijist  drawn :  for  the  taller  the  figure  the  steeper  the  hiU  will  be  : 
the  longer  the  figure,  the  longer  the  hill :  either  cause  makes  both  the 
size  of  tlie  figure  and  the  height  of  the  hill  greater,  and  in  the  same 
proportion  :  so  the  one  is  a  measure  of  the  other  :  and  @o,  moreover, 
is  the  height  of  the  hill,  wkich  can  be  measured  by  a  scale,  a  measure 
of  the  (luaotity  of  electricity  that  has  passed. 

The  first  instrument  that  I  made,  which  I  have  called  a  cart " 
integrator,  is  a  machine  which,  if  the  lower  figure  is  traced  out,  will 
describe  the  upper.  I  will  trace  a  circle,  the  instrument  follows  the 
ctmoofl  bracket-shaped  line  that  I  have  already  made  sufficiently 
black  to  he  seen  at  a  distance,  the  height  of  the  new 
line  measures  the  size  of  the  circle,  the  instrumeDt        Fio-  2, 

ha£  squared  the  circla    This  machine  is  a  thing  of    —   . 

mainly  theoretical  interest,  my  only  object  in  show- 
ing it  IS  to  explain  the  means  by  which  I  have 
defveloped  a  practical  and  automatic  instrument  of 
which  I  shall  speak  presently*  The  guiding  principle 
in  the  cart  integrator  is  a  little  three -wheeled  cart, 
whose  front  wheel  is  contrtdled  by  the  machine.  This, 
of  oooree,  is  inyisible  at  a  distaneOj  and  therefore  I 
have  here  a  large  front  wheel  alone.  On  moving  this  r  \ 
aloDff  the  table,  any  twisting  of  its  direction  in-  ~ 

fliuiitj  o&oees  it  to  deviate  from  its  straight  path  ;   ^y' 

DOW  8iipp09e  1  do  not  let  it  deviate,  but  compel  it  to 
pi  strught,  then  at  once  a  great  strain  is  put  upon  the  table  which 
w  mged  the  other  way.    If  the  table  can  move  it  will  instantly  do 
to,    A  table  on  rollers  is  inconvenient  as  an  instrument,  let  us  therO' 
fore  ToU  it  round  into  a  roller, 
ihea  on  moving  the  wheel  along 
H  the  roller  will  turn  and  the 
by  which  it  turns  will 
oofMpond  to  the  height  of  the 
■mckd  figure  drawn  by  the  cart 
integnilor.      If,  therefore,  the 
ifl  inclined  by  a  magnet 
the  infioance  of  an  electric 
or  by  any  other  cause, 
whole  amount  of  which  we 
to  know,  then  the  number 


Fig.  3. 


of  timwa  of  the  roller  will  tell  us  this  amount ;  or  to  go  back  to  oxa 
wmter  analogy,  if  we  had  the  weighted  board  to  show  current  strength^ 
■nd  had  not  the  paddle-wheel  to  show  total  quantity,  we  might  use  the 
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boafd  to  inclind  ft  di^c  in  eontoei  witli  a  roller,  and  then  drag  the 
roller  steadily  along  hy  clookwork.  The  aiuaber  of  turns  of  the 
roller  would  give  the  quantity  of  water,  lustnimontB  that  will  thus 
add  u|>  coutmuously  indi  eat  ions  at  a  tlme^  and  bo  find  amounts  diiriDg 
a  time,  are  called  integrators. 

The  most  important  appltcat;oii  that  I  haTO  made  at  present  of 
the  integrator  described,  is  what  I  haye  called  an  engine-power  meter. 
The  isfitrmuent  is  on  the  tahle,  bnt  as  it  is  far  too  small  to  be  seen 
tki  a  diBtanco,  I  have  arranged  a  large  model  to  illuatrato  its  action* 
The  object  of  this  machine  is  to  measure  how  much 
work  an  engine  has  done  during  any  time,  and 
show  the  result  on  a  dial,  so  that  a  workman  may 
read  it  off  at  ouoe  withont  hariitg  to  make  any 
calculations. 

Before  I  can  eiplain  how  work  is  measured,  per- 
haps I  had  better  eay  a  few  words  about  the 
meaning  of  the  word  '*  work,"  Work  is  done  when 
pressure  overcomes  resiftonce,  producing  motion* 
Neither  motion  nor  pressure  alone  is  work-  The 
two  factors,  pressure  and  motion,  must  (k^qt  to- 
gether. Tlae  wcrk  done  is  found  hy  multiplying 
the  preaeure  by  the  distance  moved.  In  on  engine^ 
steam  pushes  the  piston  first  one  way  then  the  other,  overoomes  resist' 
anco,  and  does  work.  To  find  this,  w©  must  multiply  the  press  lire  by 
the  motion  at  every  instant  and  add  all  the  products  together.  Tbi^^ 
is  what  the  engino-power  meter  does,  and  it  shows  the  oontiuaously 
growing  result  on  a  dial.  When  the  piston  moves  it  drags  the 
cylinder  along,  where  the  steam  presses  the  wheel  is  inclined.  Neither 
action  alone  causes  the  cylinder  to  turn,  but  when  they  occur  together 
the  cylinder  turns,  and  tbe  number  of  turns  registered  on  a  dial  shows 
with  mathematical  accuracy  how  much  work  has  been  done. 

In  the  steam-engine  work  is  done  in  an  alternating  manner,  and 
it  BO  happens  that  this  alternating  action  exactly  8uits  the  iutegrator. 
Suppose,  however,  that  the  action  whatever  it  may  be,  which  we  wish 
to  estimate  is  of  a  continuous  kind,  such  for  int^timce  as  the  continuous 
passage  of  an  electric  current  Then,  if  by  means  of  any  device, 
we  can  suitably  inclino  the  wheel,  so  long  as  w^e  keep  pushing  the 
cylinder  along,  so  long  will  its  rotation  measure  and  indicate  the 
result ;  hut  there  must  come  a  time  when  the  end  of  the  cylinder  is 
reached.  If  then  we  drag  it  back  again^  instead  of  going  on  adding 
up,  it  win  hi'giu  to  take  off  from  the  result,  and  the  hands  on  the  dial 
will  go  backwards,  which  is  clearly  wrong.  So  long  as  the  cnrront 
continues  so  long  must  the  hands  on  the  dial  turn  in  one  direction. 
This  effect  is  obtained  iu  tbc  instniment  now  on  the  table,  the  electric 
energy  meter,  in  this  way.  Clockwork  causes  the  cylinder  to  travel 
backwards  and  forwards  by  means  of  what  is  called  a  t>mnglo  motion, 
but  instead  of  moving  always  in  contact  with  one  wheel,  the  cylinder 
goes  forward  in  contact  with  one  and  back  m  contact  with  another 
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on  its  i>ppoBite  dde.  In  fchis  infitmrnetit,  tho  molmation  of  the  wheels 
ise&otod  by  an  arrangement  of  coilBof  wire,  the  main  current  paesing 
llttoiigh  two  fixed  concentric  salenoids,  and  a  shont  current  through 
ft  great  length  of  fine  wire  on  a  movable  ^leuoid,  hanging  in  the 
Bftuce  between  the  others.  The  njovahle  portion  has  an  eqnal 
tunuber  of  turns  in  opposite  directions,  and  is  therefore  uuafi'octed  by 
magnetfl  held  neiir  it.  The  effect  of  thia  arrangement  h  that  the 
energy  of  the  current,  that  is,  t}ie  quantity  multiplied  by  the  foree 
driTiug  it,  or  the  electrical  cqaivaleut  of  mechanicwl  power,  is 
ineagitre<l  by  the  slope  of  the  wheels,  and  the  araoimt  of  work  done 
by  the  current  during  any  time,  by  the  niimher  of  turns  of  the  cylinder, 
which  is  registered  on  a  dial*  ProfefiStjrs  Ayrt^n  and  Perry  have 
deiised  an  inBtmment  whieli  is  intended  to  bLow  the  same  thing. 
Thoy  moke  nae  of  a  clock,  and  cause  it  to  go  too  fast  or  too  slow  by 
tlie  action  of  the  main  on  the  shuut  current,  tho  amount  of  wrong- 
nessof  the  clock,  and  not  the  time  shown,  is  eatd  to  mea&nre  the  work 
done  by  tlie  cnrrent.  This  method  of  measuring  the  electricity  by 
llie  work  it  has  done,  is  one  which  has  been  propusod  to  euahle  the 
^lectHcid  companies  to  make  out  their  bills. 

The  other  methofl  m  to  meaHure  the  amouut  of  electricity  that  has 
passod  without  regard  to  the  work  done.  There  are  three  lines  on 
v]iich  inventors  have  worked  for  this  purpose.  The  firet,  whiclj  has 
been  used  in  erery  laboratory  ever  since  electricity  has  been  uiiiier- 
slood^  is  the  chemical  method.  When  electricity  passes  through  a 
ffalt  solution,  it  carries  mekil  with  it,  and  deposits  it  on  tho  plate  by 
vhich  the  electricity  leaves  the  liquid.  The  amount  of  metal  deposited 
i«  a  measure  of  the  quantity  of  electricity.  Mr.  Bpragne  and  Mf* 
Edison  hare  adopterl  this  motliod;  but  as  it  is  im|>0Bsible  to  allbw 
tho  whole  of  a  strong  current  to  pass  through  a  liquid,  the  current  is 
dirided,  d  small  proportion  only  is  allowed  to  pass  through.  Pro- 
Tided  that  tho  proportion  does  not  vary,  and  that  tho  metal  never  has 
any  motions  on  its  own  oeciimntj  the  increase  in  tho  weight  of  one  of 
the  metal  plates  measuroji  the  quantity  of  electricity. 

The  next  method  dej>euds  on  the  use  of  some  sort  of  integrating 
macdiiiii*,  and  this  being  the  most  obvious  uiothod,  has  been  attempted 
bj  a  large  number  of  inventors.  Any  machine  of  this  kind  is  sure  to 
go,  atid  is  sure  to  indicate  somethirt^,  wliich  will  be  more  nearly  a 
itifTMTTirr  of  the  electricity,  as  the  skill  of  the  inventor  is  greater. 

Mttoffl  for  electricity  of  the  third  class  arc  dynamical  in  their 
aotkm,  imd  I  beliere  that  what  I  have  called  the  vibrating  meter  was 
tibi  ftnl  of  its  cdvsa.  It  is  well  known  that  a  current  passing  round 
troo  iDftlise  it  magnetic.  The  force  which  such  a  magnet  excri^  13 
yaliir  when  the  current  is  greater^ hut  it  is  not  simply  proportional ; 
tf  the  current  is  twice  or  three  timtss  as  strong,  theforoe  is  four  times 
or  mno  time^  as  greats  or  gefnerally,  the  force  is  pro|K>rtioual  to  the 
ff]ii»n-  of  the  current.  Agaui,  when  a  hody  yibrates  imdcr  the  iuflu- 
mvoa  uf  a  eontrolling  force,  as  a  pcudiilum  nmlur  tho  iuflnoDce  of 
givrity,  four  times  as  much  foroti  is  necoRsary  to  nmko  it  vibrate  twic« 
Vol*  X.   (No.  76.)  b 
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AB  fast,  &nr]  mm  tlmea  to  make  it  vibrate  tbreo  times  as  fast;  or 
generally,  the  square  of  the  nnmbcsr  measures  the  force.  I  will  illus- 
trate thia  by  a  modeL  Here  are  two  sticks  nicely  balanceil  on  points, 
and  drawn  into  a  middle  position  by  pieces  of  tape  to  which  weights 
may  be  hung.  They  are  identical  in  every  respect  I  will  now  hang 
a  1  lb.  weight  to  each  tape,  and  let  the  pieces  of  wood  swing.  They 
keep  time  together  tthaolutely.  I  will  now  pi?t  2  lbs.  on  one  tape.  It 
IB  clear  that  the  eorrespoiiding  stick  is  going  faster,  but  uortaiiily  not 
twice  as  fust,  I  will  now  hang  on  4  lbs.  One  stick  is  going  at  exactly 
twice  the  pace  of  the  other.  To  make  one  go  three  timetJ  iis  fiist, 
it  is  ohviouBly  useless  to  put  on  3  Ibs.^  for  it  takes  four  to  make  it  go 
twice  as  fast.  I  will  hang  on  9  Iba,  One  now  goes  exactly  three  times 
as  fast  as  the  other.  I  will  now  put  4  lbs*  on  the  first,  and  leave  the 
9  lbs.  on  the  second ;  the  first  goes  twice  while  the  second  goes  three 

times.  K  instead  of  a  weight 
wo  use  electro  -  magnetic 
force  to  control  the  vibra- 
tions of  a  body,  then  twice 
the  current  produces  four 
times  the  force,  four  times 
the  force  produces  twice  the 
rate ;  three  times  the  cur- 
rent produces  nine  times  the 
force,  nine  times  the  force 
produces  three  times  the 
rate,  and  so  on  :  or  the  rate 
is  directly  proportional  to 
the  current  strengtli*  There 
is  on  the  table  a  working 
meter  made  on  this  principle^ 
I  allow  tho  current  that 
pasBCB  through  to  pass  also 
through  a  galvanometer  of  special  construction,  so  that  you  can  tell 
by  the  position  of  a  spot  of  light  on  a  scale  the  strength  of  the  current. 
At  the  present  time  there  is  no  current ;  the  light  is  on  the  ^ero  of 
the  scale  J  the  meter  is  at  rest,  I  now  allow  a  current  to  pass  from  a 
battery  of  the  new  Faure^ellon-Yolckmar  cells  which  the  Storage 
Company  have  kindly  lent  mo  for  this  occasion-  Tho  light  mov*iS 
through  one  division  on  the  scale,  and  the  meter  has  started.  I  will 
ask  you  to  observe  its  rate  of  vibration.  I  will  now  double  the 
current ;  this  is  indicated  by  the  light  moving  to  the  end  of  the 
second  division  on  the  scale:  the  meter  yibrates  twice  as  fast.  Now 
tho  currojjt  is  three  times  us  strong,  now  four  times,  and  so  on*  You 
will  observe  t!iat  the  position  of  the  spot  of  light  aud  the  rate  of 
vibration  always  correspond.  Every  vibration  of  the  meter  corre- 
Bponds  to  a  definite  quantity  of  electricity,  and  causes  a  hand  on  a 
dial  to  move  on  one  step.  By  looking  at  tho  dial,  we  can  see  how 
many  vibrations  there  have  been,  and  tltoreforo  how  much  electricity 
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hm  paiaed,  J  net  as  tlie  Tibrating  sdoks  in  the  model  m  %im6  oome 
to  refit,  BO  th&  Tibrating  part  of  the  met«r  would  in  time  do  the  same, 
if  it  w&pe  not  kept  going  by  an  impulse  antomaticallj  giren  to  it 
when  required.  Also,  ju^t  as  the  Tibrating  eticks  can  be  timed  to 
one  another  by  sliding  weights  along  them,  so  the  yibrating  electric 
meters  can  be  regulated  to  one  another  so  ttiat  all  ehall  indicate  the 
same  Talne  fur  the  same  current,  by  changing  the  position  or  weight 
of  the  bobs  attached  to  the  vibrating  arm. 

The  other  meter  of  this  class,  Dr.  Hopkinson's,  depends  on  the  lact 
that  centrifugal  force  is  proportional  to  the  square  of  the  angular 
Telocity.  He  tbei^ore  allows  ft  little  motor  to  driTe  a  shaft  faster 
and  faster,  until  centrifiig&l  force  OTeroomes  electrr>-niagnetic  attrac- 
tion, when  the  action  of  the  motor  oeases.  The  number  of  turns  of 
the  motor  is  a  measure  of  the  qnantity  of  electricity  that  has  passed. 

I  will  now  pass  on  to  the  measurement  of  power  transmitted  by 
belting.  The  transmigsion  of  power  by  a  strap  is  familiar  to  every 
one  in  a  treadle  eewing-mjacbiue  or  an  ordinary  lathe.  The  driTing 
force  d<*pendB  on  the  ditftirence  in  the  tightness  of  the  two  sides  of  the 
belt,  anil  the  power  transmitted  is  equal  to  this  difference  multiplied 
by  the  ^[teed  ;  a  power-meter  must,  therefore,  soIt©  this  problem — it 
most  subtract  the  tightness  of  one  side  from  the  tightness  of  the  other 
side,  multiply  the  difference  by  the  speed  at  every  instant,  and  ajld  all 
the  pro<iucts  together,  oontinaouely  representing  the  growing  amount 
on  a  diaL  I  shall  now  show  fi>r  the  first  time  an  instrument  that  I 
haTe  derised,  that  will  do  all  this  in  the  simplest  po^ible  manner.  I 
have  here  two  wheek  conuecte^l  by  a  drsring  band  of  indisruhber, 
round  which  I  have  tied  every  few  inches  a  piece  of  white  silk  ribbon. 
I  sliall  turn  one  a  little  way,  and  hold  the  other.  Thfi  driving  force 
is  indicated  by  a  dilTerence  of  stretching,  the  pieces  of  silk  are  much 
further  apart  on  the  tight  side  than  they  are  on  the  loose.    I  shall 
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now  tnm  the  handle,  and  cause  the  wheels  to  revolve ;  the  motion  of 
the  baud  is  visible  to  aU.  The  indiarubber  is  travelling  faster  on  the 
ttglil  side  than  on  the  loose  side,  nearly  twice  as  fast ;  this  mu8t  he  so^ 
for  tm  tbei«  is  less  material  on  the  tight  side  than  on  the  loose,  there 
wonld  be  a  graduftl  accumulation  of  the  indiarubber  round  the  driven 
pnlley,  if  they  travelled  at  tho  same  speed ;  since  there  is  no  aecumu- 
lation,  the  tight  side  muBt  travel  the  fastest.  Now  it  may  be  shown 
mathematically  that  the  difference  in  the  speeds  is  proportional  both 
to  thiD  actual  speed  and  to  the  driving  strain  ;  it  is  therefore  a  measure 
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of  tlie  power  or  work  being  tianamitted,  and  the  differeuc©  in  tho 
diitance  travelled  is  a  measure  of  the  work  dotio.  I  h&v^  here  & 
working  macliine  wLicli  shows  directly  on  a  dial  the  aiDount  of  work 
done ;  this  I  will  show  in  actian  directly.  Instead  of  iadiarubher, 
elastic  steel  is  nsed.  Since  the  drivitig  pulley  has  the  velocity  of  the 
tight  side,  md  the  driven  of  the  loose  side  of  the  h^lt,  the  difference  in 
the  number  of  their  turns,  if  they  are  of  equal  size,  %Till  me«sure  the 
work.  Thifl  difference  I  meafinre  by  differential  gearing  which  actuafcoB 
a  hand  on  a  dial.  I  may  turn  the  handle  as  fast  a;^  I  plonse;  the 
index  does  not  move,  for  no  work  is  beiog  done.  I  may  bold  the 
wheel,  and  produce  a  great  driving  strain  ;  again  the  index  remains  at 
refit,  for  no  work  is  being  done.  I  now  turn  the  linndle  quickly,  and 
lightly  touch  the  driven  wheel  with  my  finger*  The  reeifltjincej  small 
though  it  is,  has  to  be  overcome ;  a  minute  amount  of  work  is  being 
done^  the  index  creeps  round  gently.  I  will  now  put  more  proesure 
on  my  finger,  more  work  is  being  done,  the  index  is  moving  faster; 
whether  I  increaso  the  speed  or  the  resistance  the  index  turns  faster ; 
Its  rate  of  motion  measures  the  power,  and  the  distance  it  has  moved, 
or  the  nmnher  of  turns,  measures  the  work  done.  That  this  is  so  I 
will  fihow  by  an  experiment.  I  will  wind  up  in  front  of  a  scale  a 
7  Ih.  weight ;  the  hand  haa  turned  one- third  round*  I  will  now  wind  a 
28  lb.  weight  up  the  same  height;  the  hand  has  tumetl  four-thirds 
of  a  turn.  There  are  other  points  of  a  practical  nature  with  regar^i 
to  this  invention  which  I  cannot  now  describe. 

There  is  one  other  class  of  instruments  which  I  have  developed  of 
which  time  will  let  me  say  very  little.  The  object  of  this  class  of 
instmracnts  is  to  divide  the  speed  with  which  two  registrationfi  are 
being  cfft^cted,  and  continuously  recortl  the  quotient.  In  the  instru- 
ment on  the  table  two  iron  cones  are  cau&ed  to  rotate  in  time  with  the 
registrations;  a  inagnetizod  steel  reel  hangs  on  Itelow.  This  reel 
turns  about,  and  mns  up  or  down  the  cones  until  it  finds  a  place  at 
which  it  can  roll  at  eaee.  lie  position  at  once  indicates  the  ratio  of 
the  speeds  which  will  be  efficiency,  horse-power  jjer  hour,  or  one  thing 
in  terma  of  another.  Just  as  the  integrators  are  derived  from  the 
steering  of  an  ordinary  bicycle,  so  this  instrument  m  derived  from  the 
double  steering  of  the    Otto  "  bicycle. 

Though  I  am  afraid  that  I  have  not  suoeeeded  in  the  short  time  ftt 
my  disposal  in  making  clear  all  the  points  on  which  I  have  touched, 
yet  I  hope  that  1  have  done  something  to  remove  the  veiy  prevalent 
opinion  that  meters  for  power  nnd  electricity  do  not  exist. 
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GENERAL  MONTHLY  MEETING, 

Monday,  March  5,  1883. 

Geobos  Bubs,  Esq.  F.R.S.  Treasurer  and  Vice-President,  in  the 

Chair. 

The  Earl  of  Dalhousie,  K.T. 
James  D.  Bradshaw,  Esq.  M.A. 
F.  Wemeck  T.  de  Castro,  Esq. 
Mrs.  Elizabeth  Dobson, 
Bryan  Donkin,  Esq.  Jun. 
Miss  Clara  Gisbome, 
William  Gh)nne,  Esq. 
Major  William  Hanmer, 
Walter  Harris,  Esq. 
Sir  Charles  Brodie  Locock,  Bart. 
George  Henry  Pinckard,  Esq. 
Charles  Richardson,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  following  arrangements  for  the  Lectures  after  Easter  were 
announced : — 

Professor  John  G.  McKendbick,  M.D.  F.R.S.E.  Fullerian  Professor  of 
Physiology,  R.I. — Ten  Lectures  on  Physiological  Discovery  :  A  Retrospect, 
Historical,  Bingraphicnl,  and  Critical ;  On  Tuesdays,  April  3, 10,  17,  24;  Monday, 
April  30 ;  Tuesdays,  May  8,  15,  22,  29,  and  June  5. 

Db.  Waldstein,  Hon.  M^.  Cantab. — Four  Lectures  on  the  Art  of 
Pheidias  ;  on  Thur8.1ay8,  April  5, 12, 19,  26. 

Professor  Tyndall,  D.C.L.  F.R.S.— Three  Lectures  on  Count  Rumfobd, 
Originutor  of  the  Royal  Institution ;  on  Thursdays,  May  3,  lO,  17. 

Reginald  Stuart  Poole,  Esq. — ^Three  Lectures  on  Recent  Discoveries  ux 
(1)  Egypt,  (2)  Chaldaa  and  Assyria,  (3)  Cyprus  and  Asia  Minor;  on 
Thnr^ys,  May  24,  31,  and  June  7. 

Archibald  Geikie,  Esq.  LL.D.  F.R.S. — Six  Lectures  on  Geographical 
Evolution  ;  on  Saturdays,  April  7, 14,  21,  28,  and  May  5, 12. 

pBonasoB  C.  E.  Turner,  of  the  University  of  St.  Petersburg. — Four 
Lectured.  Historical  Sxetcbes  of  Russian  Social  Life;  on  Saturdays,  May 
19,  26,  and  June  2,  9. 

The  Pbbssnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  tho  same,  viz. : — 

FROM 

Aeeademia  del  Lincei,  Beofo,  JKomo— Atti,  Serie  Terza.   Vol.  VII.  Faac.  3.  4to. 
1882. 

Memorie  della  Classe  di  Scienze  Morali,  Storiche  e  Filologiohe.  Vols.  VII.  IX. 
4to.  1880-1. 

Mmorie  della  Olane  di  Scienze  Fisicho,  Matcmatiche  e  Naturali.  Vols.  IX.  X. 
4to.  1880-1. 
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Antiquariei,  Soetehi  o/— Proceedings,  Vol.  VIIL  No.  6.   8vn.  1882. 

Aaaiio  Society  o/ J?«n^aZ— ProceedingB,  No.  9.   8vo.  1882. 

Attronomicai  Society,  Boyal—'ilLonihly  Notices,  Vol.  XLIIL  Na  S.   8to.  1883 

^anfafr*.  ifwiitate  of— Journal,  Vol.  IV.  Part  2.   8yo.  1883. 

Britiah  ArehitecU,  Royal  InstiltOe  o/— Prooeedinga,  1882-3.  Nob.  8,  9.  4to. 

Chemical  Society— ^oumsl  for  Feb.  J  883.  8m 

Index  to  .Toumal,  VoIb.  XLI.  and  XLII.   8vo.  1882. 
Critn,  Franky  Esq.  LL.B.  F.L.8.  Ac.  M.R.L  (the  Jft/itor)— Journal  of  the  Royal 

Microacopical  Society,  Series  II.  Vol.  III.  Part  1.    8to.  1883. 
DidUetictU  Sodetyt  London — Quarterly  Journal  of  TmnsactionB,  No.  4.  8ro.  1883. 
ZkmviUe,  WtUiam  jSenry,  Esq.  if. A./.— Reports  of  Hungarian  Natural  Hiatory 

Museum,  Part  V.  Nob.  1-4.   8vo.   Buda  Pest,  1881-2. 
East  India  AMocia^Vm— Journal,  Vol.  XIV.  No.  5.   8va  1882. 
£U»tor8— American  Journal  of  Science  for  Feb.  1883.  8vo. 

Analyst  for  Feb.  1883.  8vo. 

Atheneeum  for  Feb.  1883.  4ta 

Chemical  News  for  Feb.  1883.   4  to. 

Engineer  for  Feb.  1883.  fol. 

Horolngicsl  Journal  for  Feb.  1883.  8to. 

Iron  for  Feb.  1883.  4to. 

Naturt)  for  Feb.  1888.  4to. 

Revue  Scientiflque  and  Revue  Politique  et  Litteroire  for  Feb.  1883.  4to. 

Telegraphic  Journal  for  Feb.  1883.  fbl. 
Franklin  /n4/<iito— Journal,  No.  686.   8vo.  1882. 
Qas  Institute — Rules  and  List  of  Members.   8vo.   June,  1882. 
Oeographical  Society,  I?oyal— Proct  edings,  New  Series,  Vol.  V.  No.  2.  8vo.  1883. 
Chologieal  Society—Quarterly  Journal,  No.  153.   8vo.  1883. 

Abstracts  of  Proceedings,  1882-3,  Nos.  431-433.  8vo. 
OreenhiU,  A,  G.  Esq.  M.A.  ((ke  Author)~On  the  Motion  of  a  Projectile  in  a 

Resisting  Medium.   870.  1882. 
Johns  Hopkins  l/ht'penMYy— American  Chemical  Joumnl,  Vol  IV.  No.  5.  8va  1883. 
Lubon,  Soeiedade  de  Chngraphia—BuWetin,  3*  Serie,  No.  6.   8vo.  1882. 

Droits  du  Portugal :  Memorandum.  8vo.  1883. 
ManehesUr  Geological  Sbciciy— TransHCtions,  Vol.  XVII.  Parts  3, 4.  8to.  1882-3. 
Medical  and  Chirurgical  Society— Proceeding,  New  St^ric  s,  No.  1.   8vo.  1882. 

Catalogue  of  Library,  Supplement  II.  Additions  1881-2.   8to.  1883. 
J^onoeqian  North-Atlantic  Expedition — Editorial  Committee : 

H.  Friele— MoUusca.   4to.   Christiania,  1882. 

L.  Solm-elck— Chemistry.   4to.   Chnstianitt,  1882. 
Numismtitic  »*?octety— Numismatic  Chrunide  and  Journal.   3rd  Series.    No.  8. 
8vo.  1882. 

Pharmaceutical  Society  of  Great  Britain — Journal,  Feb.  1883.  8vo. 

Calendar,  lh83.  Svo. 
Bamsay,  -4.— Sciential  Roll.  No.  10.    8vo.  1883. 

al  Dublin  iSoctcfy- Transactions,  Vol.  L  Nos.  15-19 ;  Vol.  IL  No.  2.  4ta  1882. 
roceedings.  Vol.  III.  Prtrt  5.   8vo.  1882. 
St.  Bartholomeul's  iro«p«/»l -Reports,  Vol.  XVIII.    8vo.  1882. 
Smith,  E.  Noble,  Esq.  (the  Author) — Curvatures  of  the  Spine.   8vo.  1888. 
Society  0/  Arts— J omnal,  Feb.  1883.  8vo. 

Symons,  G.  J.  Esq.  F.R.S,  (the  Compiler^  <jtc.)— Monthly  Meteorological  Magaiine, 
Feb.  1883.  8vo. 

Telegraph  Engineers,  Society  ©/—Journal,  Vol.  XI.  No.  45.   8vo.  1883. 
Vereins  zur  Bejtfrderung  des  Geujerbfleisses  in  Preussen — Verhandlungen,  1883: 
Heft  1.  4t4.. 

Winn,  J.  M.  M.I).  M.Ii.C.P.  (the  ^a  ftor)— Darwin.   8vo.  1883. 
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WEEKLY  EVENING  MEETING, 

Friday,  Maict  9,  1883. 

Sir  Fbeiisbt<js  Pollocie,  Bart.  MA.  Vice-President,  in  the  Cliair, 

Professor  G^obob  D,  Liv&tNG,  M.A.  F.R.S* 

The  UUra-Vhlei  Spec(m  of  the  :Elements. 

It  seems  probable  that  the  range  of  our  Tision  as  regards  colour  ia 
olofiely  connected  with  the  intensity  of  that  part  of  the  soUr  radiation 
whi^  reaches  ns  on  the  earthy  for  Langley'a  observations  on  the  in- 
tensity of  the  sun's  rays  in  different  parts  of  the  spectrum  bring  out 
the  fact  that  the  region  of  greatest  intensity  falls  nearly  in  the  middle 
of  the  mible  spectnim,  and  includes  those  colours  to  which  our  eyes 
are  most  senHitive*  The  nltra-Tiolet  rays,  those  which  He  beyond  the 
violyt  on  the  more  refraogible  side,  are  not,  however,  abtsolutely 
invisible,  for,  by  carefully  excluding  light  of  lower  refrangibility, 
Herschel  found  that  he  could  see  some  distance  beyond  the  Fraun- 
hofer  line  H,  into  what  he  called  the  lavender*grey ;  aud  Helmholtz 
has  Efucceetled  in  seeing  nearly  all  the  strong  lines  in  the  8olar  spec- 
tmni  almost  or  quito  up  to  its  limit.  Still  these  rays  may  fairly  bo 
aid  to  be  beyond  ordinary  vision ;  and  from  their  power  of  cbemical 
action  they  used  to  be  distinguished  as  "  actinic rays»  Wo  knew 
now  that  Ihey  have  no  monopoly  of  chemical  activity,  and  wo  roeoguiso 
no  difference  between  luminous  and  actinic  rays,  the  Tisihle  and  the 
oltra-Tiolet,  except  in  their  oscillation  frequencies;  that  is,  in  the 
rmt<^  at  which  the  succfiseive  pulsations  of  the  ray  succeed  one  another, 
and  in  the  colour  aod  refraogibility  which  are  directly  dependent  on 
that  rata.  That  the  ultra-viotet  part  of  the  solar  Bpectrum  extended 
at  least  as  fa?  above  the  line  E  as  F  is  below  it,  has  beeu  known 
since  the  time  of  Wollaston^  who  observed  its  effect  in  blackening 
BiWer  salts;  but  it  ia  only  about  twenty  years  since  Stokes  made 
known  to  us  the  great  length  and  intensity  of  the  ultra-violet 
Bpectnun  of  the  electric  spark  Stokes  mtid  bis  own  invention,  a 
fnoreeoent  Bcreen,  for  observing  the  rays;  and  at  the  very  time 
when  Stokes  published  his  discovery,  W.  A,  Miller  published  photo- 
prapbs  of  tlie  spectra  of  sparks  taken  between  varioos  motuHic 
«lecttodes.  Both  these  methods,  that  of  fluorescent  screens  and  that 
of  photography,  have  been  used  by  Professor  Dewar  and  me  in  our 
fefwches.  For  the  method  of  fiiiorescence  we  have  used  a  modifica^ 
tion  of  SoreVs  eye-piece,  substituting  for  the  urauium  glass'plate  a 
mdgeHihaped  vessel  full  of  a  solution  of  lesculine^  placed  with 
ilB  edg^  horizontal  so  that  we  look  down  on  the  fluorescent  liquid. 
The  wedge  form  of  the  vessel  has  the  advantage  of  refracting  out  of 
tbd  line  of  vision  all  the  rays  eicept  tho«o  which  produce  fluoroscenoe, 


246 


Professor  George  D.  Ltveing  [March  9, 


a  matter  of  no  small  importance  when  faint  light  is  to  be  observed 
(see  Fig.  1\ 

Now,  although  the  intensity  of  the  sun's  rays  falls  away  rapidly 
beyond  the  Fraunhofer  line  H,  and  comes  to  nothing  about  as  far 
above  H  as  F  is  below  it,  it  is  far  otherwise  with  the  radiation  of 

our  terrestrial  elements  when 
heated  up  in  the  electric  si>ark 
or  arc,  or  even  in  some  cases  in 
flames;  some  of  those  elements 
which  we  know  to  be  abundant 
in  the  sun,  such  as  iron  aud 
magnesium,  exhibit  their  most 
intense  radiation,  their  strongest 
and  most  persistent  rays,  in  the 
ultra-violet  region,  in  waves 
which  succeed  one  another  at  the 
shortest  intervals.  Indeed  those 
metals  so  readily  take  up  certain 
ultra-violet  vibrations,  that  when 
there  is  much  metal  in  the  arc, 
and  it  is  confined  in  a  crucible 
of  lime  or  magnesia,  they  often 
give  their  characteristic  linos 
strongly  reversed,  dark  absorp- 
tion-bands being  prodaocd  by  the 
slightly  cooled  vapour  which  is 
outside  the  arc.  This  is  seen  in 
the  photographic  plate  Nos.  1 
to  3.  No.  2  shows  the  strongest 
magnesium  line,  in  a  region 
beyond  the  limit  of  the  solar 
spectrum,  at  wave  length  2852, 
expanded  and  reversed.  No.  1 
shows  it  enormously  expanded,  its 
bright  wings  reversing  iron  lines 
up  to  S.  No.  3  shows  a  strong 
gi'oup  of  iron  lines,  still  more 
refrangible,  also  expanded  and 
reversed  by  putting  iron  wire  into  the  arc.  The  dark  bands  in 
the  photograph  are  due  to  absorption  by  the  metallic  vapour,  and  in 
their  places  strong  bright  lines  appear  when  less  metal  is  present. 
The  spectrum  of  iron  is  of  all  metals  the  most  complicated,  and 
those  of  the  other  elements  which  are  most  closely  related  to  iron 
in  chemical  characters  come  next  to  it  in  the  number  and  com- 
plication of  their  ultra-violet  lines.  Manganese  and  chromium  are 
especially  remarkable  for  showing  many  groups  of  closely-set  lines. 
No.  2  shows  a  group  of 'chromium  lines  between  the  solar  lines  8  and  U. 
It  is  probably  not  without  significance  that  this  group  of  elements 
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which  eihihit  the  greale^^t  Tariety  iii  their  chQinicftl  relatione,  and 
prudiioe  oombi nations  of  Ihe  greateiBl  Dumber  of  tjpos,  aud  tbo  most 
complicated  spectra,  aro  also  those  which  produce  the  most  higbly- 
c-doured  comp>auds.  In  marked  contrast  to  the  thick-8©t  ranks  of 
iroD,  manganose,  acd  chmmiura  lines,  aro  the  few  scattered  rays 
eihibitt^d  by  those  metals  which  foi'm  their  combinatioug  each  chiefly 
on  a  JUJigle  ty[je,  euch  q.&  alumiuiinn,  and  the  alkali  and  alkaline  earth 
m«taU.  These  spectra  are  prubably  even  simpler  than  at  first  sight 
they  seem  to  be.  That  of  lithium  is  the  simplest  (Plato  IL  fig.  3) : 
a  eenea  of  smglo  Huea  aucceoiling  one  another  at  dccioasitig  intervals, 
and  with  diminishing  intensity,  closely  resetubliug  in  these  resjiocta 
the  Fpectrara  of  hjdr^jgen.  In  the  case  of  hydrogen,  we  know  that 
tho  oscillation  frequencies  of  some  of  its  rays  are  related  in  a  simple 
harmonic  ratio.  We  are  not  able  to  say  that  the  relation  is  so  simplo 
in  the  case  of  lithium ;  but  still  the  vphide  miries  are  probably  u?er- 
tonee  of  a  fundamental  vibration,  not  so  simply  related  as  the  harmo- 
nica of  a  uniform  stretched  string,  but,  like  the  overtones  of  a  string 
which  is  not  of  uniform  thickness,  or  Is  loaded  at  difft^rent  points, 
similarly  related  in  origin,  though  not  oiact  harmonicH.  That  the 
different  rays  arc  in  many  cases  so  related  as  overtimes  of  a  fundamental 
vibration  appears  more  plainly,  perhaps,  when  not  single  lines  but 
gruope  of  two,  three,  or  four  lines  recur.  Potassium  shows  a  series  of 
p«iiB  to  which  the  woll-know*ii  violet  pair^  and  perhaps  that  in  the  red 
m^m,  belong.  Calcium^  mague8iura»  and  zinc,  each  show  a  series  of 
iHplets,  which  are  altornateiy  sharply  detined  and  ditFuse  (see  photo* 
graphs  4  and  5  and  Plate  II,  figs.  5  and  fi).  In  otijer  ciises  the  same 
charBcters  may  bo  traced,  though  leas  readily,  because  there  is  eorae- 
tiinee  more  than  one  such  series  of  lines  or  gnmps.  The  alkali  metals 
liave  each  one  such  series  in  the  visible  sj>ectrum,  and  anntht^r  in  the 
nitrar-vi^ilet.  It  may  happen  in  other  cases  that  two  or  more  aucb 
mstisB  overlap,  and  it  may  then  be  very  difficult  to  distinguish  and 
ftepuftie  them. 

In  some  oases  elements  show  at  a  lower  temperature  a  far  more 
eutcBplicated  epectrum  than  they  do  at  higher  temperatures  further 
removed  from  their  points  of  liquefaction.  This  has  been  observed 
by  B^mcoG  and  Schuster  in  the  cai^  of  the  alkali  metals  pot^sium  and 
■odium,  which  give  at  temperatures  only  a  little  above  their  boiling- 
points  absorption  spectra  which  consist  of  closely-aet  fine  lines,  pro- 
ducing an  appearance  of  shaded  bauds  quite  unlike  tiieir  emission 
Epectra  at  higher  teniperaturea.  In  some  few  casoi*  wo  have  obBorved 
similar  "fluted"  or  Venetian  blind"  spectra,  as  they  have  been 
called,  in  the  ultra-violet,  as,  for  example,  on©  produced  by  tin ; 
but  in  general  the  tcmixiraturo  of  tho  arc,  which  we  have  chiefly 
used  m  oar  observations  on  metals^  is  high  enough  to  carry  ttjo 
metals  beyond  the  stage  in  which  their  vibrations  are  constrainud  by 
the  state  approaching  to  liquefaction. 

But  liiough  metals  do  not  often  show  spectra  of  this  class  at 
ll»  kigh  temperature  of  the  arc,  it  is  otherwise  with  metalloids  and 
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with  componnds.  Nitrogen  gives  in  tlie  arc  as  well  bb  in  the  &park 
a  cLanoelled  Hpectriim  of  singalar  beauty,  extendiDg  with  but  short 
breaks  alrnoet  to  the  extremity  of  the  ultra-Tiolet  region  which  we  have 
examined,  (See  photograph  7*)  These  multitudiucriis  lines  of  nitrogen 
€K>n6tantly  present  in  the  arc  taken  in  air,  help  to  make  tbe  problem 
of  unravelling  the  epectritm  of  the  arc,  and  aegigning  each  line  to  its 
proper  source,  far  more  difficult  than  it  might  at  firet  sight  ha  suppoeed. 
Carbon,  which  in  the  arc  frequently  gives  a  channelled  fipectrum  in 
the  viflible  regioUj  gives  only  a  limited  number  of  lines  in  the  ultra- 
Tiolet;  but  cyanegeii  gives  one  set  of  flntings  near  tbe  line  L,  and 
another  near  N,  which  are  so  brilliant  in  tho  are  as  to  ebecure  the 
metallic  lines  in  their  neighbourhood  (photograph  4).  To  the  saiae 
elasa  we  nmy  refer  the  spectrum  of  water,  of  which  the  most  brilliant 
portion  ie  given  in  photograph  6. 

The  series  of  lines  prod  need  by  the  some  element,  which  I  have 
spoken  of  as  overtones  of  a  funtlamental  vibration,  have  been  likened 
to  these  channellings,  but  in  reality  they  sre  very  difiereot.  In  the 
Stories,  which  I  have  supposed  to  have  a  sort  of  harmonic  relation,  the 
successive  lines  or  groups  of  lines  invariably  become  nmrer  to  one 
another  as  the  wave-kngths  become  shorter,  and  at  the  same  time 
thoy  diminish  in  etroDgth  and  sharpness ;  whereas  in  the  channelled 
spectra  the  strongest  lines  are  at  the  end  where  they  are  most  closely 
set,  and  they  generally  diminish  in  strength  as  they  get  further  apart 
Also  increase  of  distance  between  the  lines  of  channelled  spectra  is 
sometimes  towards  the  less,  sometijues  towards  the  more,  refrangible 
end  of  the  fpectruui. 

I  have  before  observed  that  a  great  part  of  the  ultra-violet  spectra 
of  the  elements  which  we  have  observed  lies  entirely  beyond  the  limit 
of  the  solar  spectrum  ;  that  limit  is  the  liue  U  at  wave-length  2947. 
But  though  this  is  the  limit  of  the  sidar  radiation  which  reaches  us 
on  the  earth,  w^e  can  hardly  suppose  that  the  stin  itself,  or  the  photo- 
spherOj  emits  no  radiation  of  shorter  wave-length*  W©  know  that 
there  is  plcoty  of  iron  and  magnesium  in  the  sun,  and  the  strongest 
radiations  at  high  tempei  atures  of  these  elements  are  of  (^^horter 
wave-length  than  U.  Moreover,  the  continuous  spectra  of  incfln- 
descent  solids  in  many  cases  extend  far  beyond  U.  The  eontinnou» 
epectrum  of  burning  magnesium  reaches  quite  up  to  the  wave-length 
2380,  that  of  the  flame  of  carbon  disalphide  mixed  with  hydrogen 
aud  fed  with  oxygen  reaches  even  further,  that  of  lime  heated  with 
an  oxyhydrogen  blowpipe^  though  feeble  beyond  the  limit  of  tbe 
Bolar  spectrum,  extends  np  to  wave-length  2680.  Ths  tempera- 
ture of  the  sun  cannot  be  less  than  th»t  of  any  of  these  sources 
of  heat,  so  that  we  are  forced  to  suppose  that  the  radiation,  more 
refrangible  than  U,  which  leaves  the  body  of  the  sun,  is  stopped 
somewhere  either  in  our  atmosphere ,  or  in  planetary  space,  or  in 
the  atmosphere  of  the  sun  himself*  Now  Corau  has  found  that 
when  the  tliickncss  of  our  atmosphere  traversed  by  tbe  sun's  ray  a 
is  diminished  as  ranch  as  possible  by  taking  the  mu  at  its  greatest 
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altitndo,  and  making  the  obeerTaiion  from  an  elerated  station  (the 
RiffelWrg),  the  solar  spectrum  only  reaches  to  wa?e- length  2932» 
that  is,  only  a  very  trifle  beyond  We  must  therefore  suppose  that 
Ihi6  ftbtorbont  substance,  whatever  it  bo^  is  not  in  our  atmoepbero. 
The  s«me  reason  will  lead  us  to  reject  the  notion  that  the  absorption 
can  be  due  to  matter  in  planetary  space,  for  it  is  not  ^sy  to  euppoeo 
thAt  the  gages  wkich  perrade  that  space  in  extreme  tenuity  cmi  differ 
mnch  from  thnse  in  our  atmosphere,  because  the  earth  in  its  annual 
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omme  mnst  pick  them  np  whatever  they  are,  and  they  must  then 
difftue  Into  our  atmosphere,  and  we  must  in  time  have  them  in  a  more 
condenBed  state  in  onr  atmosphere  than  in  planetary  epat^e.  The 
abaorbeat  is  therefore  probably  neither  in  our  atmoBph'jre  nor  in 
dbaotary  space,  and  wo  miiRt  look  for  it  in  the  snlar  atmosphere. 
Wlwm  WB  ootice  bow  innch  of  the  radiation  of  our  terrestrial  elements 
in  of  shorter  wQ,ve-length  tbttii  the  stdiir  line  U,  we  might  almost  fancy 
that  Uie  Mottiiig  unt  of  the  ^un's  light  beyond  that  point  is  simply 
dite  to  an  increase  in  the  number  and  breadth  of  the  Friinnhofer  lines. 
Indeed  we  have  frequently  observed  the  strong  magnesium  Uno,  wave- 
length 1ii852,  expanded  so  that  the  dark  absorption  band  in  its  middle 
reached  quite  up  to  U  on  one  side  (see  photograph  No.  1)  and  eqnally 
ftr  on  the  otbur  side,  and  this,  together  with  such  expansion  of  the 
atre&g  iron  lines  beyond  as  wo  have  occasionally  observed,  would  go  a 
long  «ftf  towards  completely  hiding  all  light  above  U.  But  such  expan- 
■loctf  of  iron  and  magnesium  lines,  high  in  the  scale  of  refrangibiHty, 
do  not  occar  without  a  oonaidorable  oipansion  of  the  lines  of  the  same 
itenents  lower  in  the  Bcrdc,  expansious  far  exceeding  what  we  actually 
oliarrvc  in  the  Fruunhoter  liaoB.  Moreover  the  Praunhofer  linus,  though 
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dark  by  eomparisou  vnih  tha  brightntss  of  the  pliotfiapliero,  are  them- 
Bolyes  luiijiuoue,  cvoti  bright,  vvlieti  liiore  ii$  no  titliet*  Btill  brighter  light 
wherewith  to  coatrast  them,  so  that  if  there  were  no  other  absorbent 
action  the  Bolar  spectrum  wouhl  be  eontinued  by  the  emitted  rajs  of 
tho  metallic  vapours  which  produce  these  lines.  Prohibly  then  iho 
abfiorbeut  is  something  at  a  lower  temperature,  higher  in  the  nol^ 
altnnsph ere.  A  chan go  of  teui perature  m a j,  fti i d  in  some  CBaes  cor ta i nly 
does  imply  such  a  change  of  state  that  there  may  be  a  oorrespcmding 
diange  in  the  particular  yihratioti^  whieh  can  be  mo&t  easily  taken  up. 

The  metals  in  the  liquid  and  solid  statea  are  go  very  oijatjuo  that 
we  shonld  hardly  be  able  to  discern  Iheir  absorption  spectra  ;  ncvcr- 
theleBS  in  very  thin  films  they  are  translucent  in  different  degrees. 
Gold  leaf}  as  is  well-knuwu,  transmits  a  grc^n  light,  and  we  have 
found  that  a  thin  film  of  gold  cbemically  depoRit&d  uii  a  plate  of  quartz 
m  fairly  transparcjnt  f<tr  all  the  ultra-violet  rays,  that  its  eelectiTO 
absorption  is  almost  wholly  of  the  lesa  refrangible  rays.  Silver  do- 
ptisited  in  a  similar  way  preiluees  a  very  difiereut  effi  ct  It  ia  almost 
wholly  opaqiiCj  except  for  one  rather  narrow  hnud  whidi  begins  a  lit  tie 
below  the  solar  line  P  and  extondti  with  diniinisliing  tranHpareney  to 
about  S.  Cornn  has  before  noticed  this  pri>perty  of  silver,  bat  placed 
the  transparent  band  at  wave-length  270  instead  of  330,  Dr.  W.  A* 
Miller  had  observed  that  the  light  reflected  by  gold  is  equally  dis- 
tributed all  through  the  ultra-violet,  but  feebler  than  that  reflected 
by  other  metals ;  while  that  reflected  by  silver  is  oharacteriacd  by 
l^iviDg  Eh  sudden  ce^ation  of  the  phot^>giapbic  image  for  a  c^jrtaia 
diBtanee.  Theee  characters  of  the  reflected  rays  he  attributed  to 
absorption  by  the  metal. 

"When  we  examine  the  absorption  produced  by  the  haloid  elements, 
we  find  that  chlorine  absorbs  a  wide  band  iu  the  ultra-violet  with  its 
centre  near  the  E^olar  line  P,  extending,  when  the  chlorxue  is  in  suiall 
quantity,  from  N  to  T,  increasing  in  width  on  Iwth  sides  when  the 
quantity  of  chlorine  is  increased,  but  still  leaving  the  rays  above  wave- 
leu  gth  2650  unab&tirbed. 

Bromine  vapour  shows  an  absorption  hand  which  begins  in  the 
vi Bible  spectrum,  and  extends,  when  ^e  bromine  is  in  small  quantity, 
up  to  Ij,  and  when  the  bromine  is  in  greater  quantity  up  to  P,  From 
that  point,  up  to  about  wave-length  2500^  the  vapour  is  ti-ansparcnt, 
but  beyond  it  is  again  absorbent,  the  absorption  increasing  gradually 
with  the  rofrangibility  of  the  rays. 

Iodine  vapour,  when  thin,  in  transparent  for  ultra-violet  rays,  hut 
prfjilucos  strong  absorption  in  the  violet  region.  With  thicker  vapour 
this  absorption  extends  nearly  to  K,  but  the  vapour  is  still  transparent 
for  riiys  more  refrangible  than 

Lecoq  do  Boishaudrnn  has  observed  that  in  the  speotra  of  similar 
elements  we  may  trace  a  shifting  of  similar  line8»  or  groups  of  lines, 
towards  the  less  refrangible  side  as  the  atomic  weight  ia  increased. 
Thus  the  violet  pair  of  lines  given  by  potassium  is  represented  by  an 
indigo  pair  in  the  ease  of  rubidium,  and  a  blue  pair  in  the  cam  of 
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cffesium  ;  and  the  mdigo  line  of  calcium  is  repreac^nted  by  o.  btna  line 
in  ibe  ep-ectrmn  of  stroatium,  and  hy  a,  green  line  in  the  speotrum  of 
barinm. 

W©  may  observe  Bomething  of  the  same  kind  in  regard  to  tlie 
haloid  elementa :  the  absor[)titm  band  which  in  the  case  of  the  element 
of  lowest  atoinio  weight,  namely  chlorine,  is  altogether  ultra-Tiolet,  is 
sbifted  towards  the  less  refrangible  aide  in  the  case  of  bromine,  and 
lies  altogether  m  the  vieible  region  in  the  case  of  iodine,  the  element 
of  highest  atomic  weight. 

Fig,  3. 
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No.   6.  Absorplion  of  chlorine. 

No,   7,  „      bromine  vapour, 

d.  „      bromine  liquid. 

Mow  10,       rt      nj     iodine  solution. 


It  is  ramarkable  that  bromine  in  the  liquid  state  and  iodine  in 
iolntion  i^how  absorption§  quite  ilifiereut  from  those  of  their  vapours. 
A  thin  lUm  of  liquid  bromine  between  two  quartz  plates  is  transparent 
for  a  band  which  ends  just  where  the  ti-anf^pareney  of  the  vapour 
begicut,  while  the  film  is  opaque  fur  rays  bath  above  and  below  this 
baad.  Iodine  dissi^lved  in  carbon  disiiiphide  is  also  transparent  for  a 
eertaiiL  disti&nce,  but  the  band  is  shifted  to  a  less  refrangible  region 
Ijine  betwt^en  G  and  H. 

Compound  gases  and  vaponrs  show,  as  might  be  e:xpeoted,  Yarions 
•AiMMrptious  of  oltra-violet  rays.  The  absorbent  action  of  coal-gas 
btgifti  ftt  ftboul  the  wave-length  2680,  and  above  2580  it  is  nearly 
SDlphurcms  acid  has  an  absorption  band  extending  from 
B  (3179)  tu  rays  of  wave-length  2G30,  with  a  weaker  absorption 
ime  way  beyond  these  limits  on  both  sides,  Sulphuretted 
bjdbpeeai  prodnoos  a  pretty  complete  obHteration  of  all  rays  above 
rnvMOngu  3580.  Vapour  of  carbon  disnlphide  in  very  small  qnautity 
prodnoes  an  ftbdorption  extc^nding  from  P  to  T,  shading  away  at  each 
end.  With  more  vapour  this  band  widens,  and  a  second  absorption 
band  bcsgios  At  about  the  wave-length  2580.    Chlorine  peroxide  gives 
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ft  suoce^atoti  of  tiicie  sbaded  baiidB  &t  ne&rly  equal  interyiLlB  between 
M  aod  S»  while  in  the  higboBt  regiona  of  tlie  Bpectrum  it  soems  to  be 
quite  tranepar^nt. 

I  mentioned  at  the  outset  the  probable  connect  ton  between  the 
inteneity  of  the  solar  radiation  and  the  FensitiverieBS  of  our  eyes  to 
rays  of  different  colours.  The  cormideratiou  of  ultrftr-viulet  abeopption 
spectra  leads  to  the  mention  of  another  fact  connected  with  TieioD,  op 
ntther  with  the  constrnction  of  the  eyte  ttf  the  higher  ttnimals,  Soret 
has  investigated,  d-nd  recently  Chardouivet  hm  nmr©  fnlly  examined, 
the  liraits  of  transparency  of  the  cryBtalline,  cornea,  and  vitrooua 
humour  of  the  eyes  of  yariuiiB  animals  and  man,  and  found  them  all 
more  or  lese  tmiiBparent  for  ultm-violet  rays.  The  limit  of  trauR^ 
parency  Id  many  cases  apprenches,  but  never  exceeds,  the  limit  of  the 
Bolar  spectrmn.  Cliardonnet  places  the  limit  of  transparency  of  the 
crystalline  of  the  hujnao  eye  as  low  as  M,  which  is  not  consistent 
with  the  observations  of  Herschel  and  Helinholtz  befivre  mentioned* 
but  this  iDconfiietcnoy  is  probably  due  to  alterations  which  had  tnlten 
place  after  death  in  the  eyes  experitncnted  ou  by  Chardonnet.  That 
the  transparency  of  the  materiaJft  of  the  ey©  does  not  extend  beyond 
the  solar  line  U,  Oiardonnet  regards  as  a  proyision  of  nature  to 
protect  the  retina  from  the  eiitremo  raJiationR  of  ajliificial  lights ;  but 
I  Tenture  to  offer  a  different  explanation,  which  is,  that  the  aeleotion 
of  the  materials  of  the  eye  has  boen  determined  not  by  what  they 
will  absorb  but  by  what  tht^y  will  transmit.  If  the  mttterialfi  in 
qneetion  were  in  any  great  degree  opaque  to  the  ultra-violet  aolar 
ray  a,  those  rays  muet  be  absorbed  and  must  either  be  used  in  heating 
the  absorbent  or  do  work  upon  it  in  some  form,  perhaps  alter  it 
chemically^  and  so  impair  its  efficiency  a^  part  of  an  optical  instru- 
ment.  I  a^e,  then,  in  the  eelection  of  these  materials  for  our  eyen 
an  ine^tance,  one  amongst  many,  of  the  marvellous  adaptation  of  our 
organisation  to  the  natural,  rather  than  to  the  artificial  surniundinga 
in  which  we  are  placed.  [G.  D.  L,] 

DESCRIPTION  OF  THE  PLATES, 
In  the  pbolographic  plate  :~ 

No.  1  shows  i  n  expansion  of  the  mag^neflium  line  at  wnTe-length  2852,  wh'de 
it  Ia  also  m  atrong  j  reversed  aa  to  produw  a  complete  obliteration  of  oil  t be  Hum 
sbovt!  U  within  tuo  range  of  the  pnotograph*  while  ita  bright  Kiing  revfm?«  the 
iron  linei  near  T, 

Nr*,  2  hIiowb  the  same  line  at  h  much  lesa  expanded  but  itill  aelf-reversinje:. 
The  linea  at  n  are  ftl^  magneisium  lines,  waw-lengthii  t7'j^  and  2801.  Mmi  of 
the  linen  between  b  and  S  are  chrotnium  liuea. 

NfT,  3  ahowii  iron  linea  ruveracd  by  putting  Lron  wire  into  the 

No.  4  fihowB  calelnm  liriea  in  recurring  triplets ;  uLso  the  cyanogsn  bondi 
K^tweeii  K  and  M  and  ftt  N. 

No.  fi  tihowB  three  of  the  zino  triplpte. 

No.  6  ia  tbo  brightest  part  of  the  ultra  violet  spi'Clrum  of  water. 
No*  7  ahowa  part  of  the  rhanni^Ut'd  Bptjctrum  of  mtnit^on  iii  the  uUi»  violet. 
The  lithographic  plate  gives  the  position  of  the  ultra  viokt  linea  of  toveral 
motula  to  A  Male  of  vraTO  lengUia. 
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WEEKLY  EVENING  MEETING, 

FritLiy,  March  16,  1883. 

WtMJAM  Bowman,  Estj*  F.R.S,  Honorary  Secretary  and 

Vice-President,  in  the  Choir. 

PaormasoE  Ttkdall,  D.C.L.  M,B,L 

Thoughi*  on  Radiaiion^  Theoreiieal  and  PraciieftL 

SmxMtirio  dtBcovcrioB  are  not  distributed  uniformly  in  tune*  They 
wsppmi  rather  in  periodic  groups.  Thus,  in  the  tivo  first  years  of  this 
oeDtniy,  among  other  gifts  presented  by  men  of  scienco  to  the  world, 
W0  tavo  the  Voltaic  |)ile;  tlie  principle  of  Interference,  which  is 
tJie  bftfiie  of  the  nndulatory  theory  of  light ;  and  the  discovery  by 
Wmiam  Her&chel  of  the  dark  rajs  of  the  sun. 

Uirectlj  or  indirectly,  this  latter  discovery  heralded  a  period  of 
active  research  on  the  subject  of  radiatitm*  Leslie's  celebrated  work 
on  the  Nature  of  Heat  was  published  in  1804,  but  he  informs  us,  in 
Ihe  preface,  that  the  leading  fiicts  which  gave  rise  to  the  publicatiou 
prcfleuted  themselves  in  the  spring  of  1801.  An  interesting  but  not 
imcomnion  psychological  experience  is  glanced  at  in  this  preface. 
The  inoonvcuienoe  of  what  wo  call  ecsticy,  or  eialtation,  is  that  it  is 
usually  attended  by  undesirable  ciJiupeusfttions.  Its  action  resembles 
that  of  a  tidal  rivor,  Bometimcs  advancing  anil  filling  the  shores  of 
life,  hot  afterwards  retreating  and  leaving  unlovely  banks  behind, 
Lt^slie,  when  he  began  his  work,  describes  himself  as  transporter!  at 
the  {i?o«pect  of  a  new  world  emerging  to  view."  But  further  on  the 
nolo  cibuiges,  and  before  the  preface  ends  be  warns  the  reader  that  ho 
may  expect  variety  of  tone,  and  perhaps  defect  of  uuity  in  his  disqui- 
sition.  The  execution  of  the  work,  he  says,  proceeded  with  extreme 
Imlinees;  and  ^  the  charm  of  novelty  wore  off,  ho  began  to  look 
npcrei  his  production  with  a  cooIdoss  not  usual  in  authors. 

The  ebb  of  the  tide^  however,  was  but  transient ;  and  to  Leslie's 
arduur^  industry,  and  experimental  skill,  we  are  indebted  for  a  largo 
body  of  knowledge  in  regard  to  the  phenomena  of  radiation.  In  the 
prosecution  of  his  researches  he  had  to  rely  upon  himts^jlf.  He  devised 
kin  own  apparatae,  and  applied  it  iu  his  own  way.  To  produce 
ndialing  surfaces,  he  employed  metallic  cubes,  which  to  the  present 
boor  u#  known  as  Leslie's  cubes.  The  different  faces  of  these  cubes 
hfl  coaled  with  difierout  substances,  and  lUHng  the  cubes  with  boiliiig 
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he  determined  the  emissive  powers  of  the  substances  thus 
heated.  These  he  found  to  differ  greatly  from  each  other.  Thus,  the 
radiation  from  a  coating  of  lampblack  being  called  100,  that  from  the 
unooated  metallic  surface  of  his  cube  was  only  12.  He  pointed  out 
the  reciprocity  existing  between  radiation  and  absorption,  proving 
that  those  substances  which  emit  heat  copiously  absorb  it  greedily. 
His  thermoscopic  instrument  was  the  well-known  differential-ther- 
mometer invented  by  himself.  In  experiment  Leslie  was  very  strong, 
but  in  theory  he  was  not  so  sti-ong.  His  notions  as  to  the  nature  of 
the  agent  whose  phenomena  he  investigated  with  so  much  ability  are 
confused  and  incorrect.  Indeed,  he  could  hardly  have  formed  any 
clear  notion  of  the  physical  meaning  of  radiation  before  the  undula- 
tory  theory  of  light,  which  was  then  on  its  trial,  had  been  established. 

A  figure  still  more  remarkable  than  Leslie  occupied  the  scientific 
stage  at  the  same  time,  namely,  the  vigorous,  original,  and  practical 
Benjamin  Thompson,  better  known  as  Count  Bumford,  the  originator 
of  the  Koyal  Institution.  Rumford  traversed  a  great  portion  of  the 
ground  occupied  by  Leslie,  and  obtained  many  of  his  results.  As 
regards  priority  of  publication,  he  was  obviously  discontented  with 
the  course  which  things  had  taken,  and  ho  endeavoured  to  place  both 
himself  and  Leslie  in  what  he  supposed  to  be  their  right  relation  to 
the  subject  of  radiant  heat.  The  two  investigators  were  unknown  to  each 
other  personally,  and  their  differences  never  rose  to  scientific  strife. 
There  can  hardly,  1  think,  be  a  doubt  that  each  of  them  worked  inde- 
pendently of  the  other,  and  that  where  their  labours  overlap,  the 
honour  of  discovery  belongs  equally  to  both. 

The  results  of  Leslie  and  Rumford  were  obtained  in  the  laboratory  ; 
but  the  walls  of  a  laboratory  do  not  constitute  the  boundary  of  its 
results.  Nature's  hand  specimens  are  always  fair  samples,  and  if 
the  experiments  of  the  laboratory  be  only  true,  they  will  bo  ratified 
throughout  the  universe.  The  results  of  Leslie  and  Rumford  were  in 
due  time  carried  from  the  cabinet  of  the  experimeotor  to  the  open  sky 
by  Dr.  Wells,  a  practising  London  physician.  And  here  let  it  be 
gratefully  acknowledged  that  vast  services  to  physics  have  been 
rendered  by  physicians.  The  penetration  of  Wells  is  signalised 
among  other  things  by  the  fact  recorded  by  the  late  Mr.  Darwin,  that 
forty-five  years  before  the  publication  of  the  *  Origin  of  Species,'  the 
London  doctor  had  distinctly  recognised  the  principle  of  Natural 
Selection,  and  that  he  was  the  first  to  recognise  it.  But  Wells  is 
principally  known  to  us  through  his  *  Theory  of  Dew,*  which, 
prompted  by  the  exi)criments  of  Leslie  and  Rumford,  and  worked 
out  by  the  most  refined  and  conclusive  observations  on  the  part 
of  Wells  himself,  first  revealed  the  cause  of  this  beautiful  phe- 
nomenon. Wells  knew  that  through  the  body  of  our  atmosphere 
invisible  aqueous  vapour  is  everywhere  diffused.  He  proved  that 
grasses  and  other  bodies  on  which  dew  was  deposited  were  powerful 
emitters  of  radiant  heat ;  that  when  nothing  existed  in  the  air  to  stop 
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their  radiatioti,  they  be<jftme  eelf-ctiUed  ;  and  that  while  thne  chilled 
they  condensed  into  dew  the  aqueous  vftpour  of  the  air  around  them.  I 
do  not  suppose  that  any  theory  of  importance  ever  cecaped  the  ordeal 
of  assault  on  its  ^t  enunciation.  The  theory  of  Wells  was  thus 
•Mailed  ;  hut  it  has  proved  immoyable,  and  will  continue  bo  to  the 
find  of  time. 

The  interaction  of  scientific  workers  causes  the  growth  of  ecienco 
to  resemhle  that  of  m  organism.  Tram  Faraday's  tiny  magneto- 
electric  spark,  shown  in  thig  theatre  half  a  century  ago,  ha^  Bpning 
the  enormous  practi<^  development  of  electricity  at  the  present  time. 
Thomas  Seebeck  in  1822  discovered  thermo-electricitj,  and  eight 
yeara  aabsequently  bars  of  biBmnth  and  antimony  were  first  soldered 
together  by  Nobifi  so  as  to  form  a  thermo-electric  pile.  In  the  self- 
aame  year  Melloni  perfected  the  instrument  and  proved  ita  applica- 
biiity  to  the  mveetigation  of  radiant  heat  The  instrumental  appli- 
amsea  of  scieDce  have  been  well  described  as  ox  tensions  of  the  seneea 
cf  man.  Thus  the  invention  of  the  thermopile  vastly  augmented  our 
powe»  over  the  phenomena  of  radiation.  Melloni  added  immensely  to 
our  knowledge  of  the  transmission  of  radiant  heat  through  liquids  and 
Bolids*  Hie  results  appeared  at  first  so  novel  and  unexpected  that 
they  eicited  seep  tic  ism.  He  waited  long  in  vain  for  a  favoimiblo 
Report  from  the  Academiciaus  of  Paris ;  and  finally,  in  despair  of 
obtaining  it,  he  published  his  results  in  the  Annales  do  Chimie. 
Here  they  came  to  the  knowledge  of  Faraday,  who,  struck  by  their 
originality^  brought  them  under  the  notice  of  the  Royal  Society,  and 
obtained  fur  Melloni  the  Humford  medaL  The  medal  was  accom- 
panied by  a  sum  of  money  from  the  Romford  fund  and  this,  at  tho  time, 
wm  of  the  utmost  importanoe  to  the  young  political  eiile,  reduced  as 
he  wa»  to  penury  in  Paris.  From  that  time  until  his  death,  Melloni 
was  ranked  as  the  foremost  investigator  in  the  domain  of  radiant  heat 

Aa  re^jda  the  philosophy  of  the  thermopile,  and  its  relation  to 
tho  great  doctrine  of  the  conservation  of  energy,  now  everywhere 
ttooepted,  a  step  of  singular  signiticance  was  taken  by  Peltier  in  1834, 
Up  £0  that  time  it  had  been  taken  for  granted  that  the  action  of  an 
olectrio  current  upon  a  conductor  through  which  it  passed,  was  always  to 
gBnetmte  heat.  Peltier,  however,  proved  that^  under  certain  otrcnm- 
■ttaoe%  the  electric  current  generated  cold.  He  soldered  together  a 
bar  of  antimony  and  a  bar  of  bismuth,  end  to  end,  thus  forming  of 
the  tvo  metals  one  continuous  bar.  Sending  a  current  through  this 
bar,  he  foond  that  when  it  passed  from  antimony  to  bismutli  across  the 
jimctionf  beat  was  always  there  developed,  whereas  when  the  direction 
of  the  current  was  from  bismuth  to  antimony,  there  was  a  developmont 
ol  cold.  By  placing  a  drop  of  chilled  water  upon  the  junction  of  tho 
tiro  metals,  Lenz  subfioqnenily  congealed  the  water  to  ice  by  the 
pHMe  of  the  current. 

Tlie  Bource  of  power  in  the  thermopile  is  here  revealed,  and  a 
rtktion  of  the  utmost  importance  ie  established  between  heat  and 
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electricity.  Heat  is  eiown  to  be  the  mutriment  of  the  ©lectrio 
ciUTeiit.  Wben  on©  face  of  a  tbennopile  is  warned,  the  current  pro- 
duced, wbicb  ifi  &lway8  from  bismuth  to  antimony,  k  aimply  beat 
Gonfiuixi&d  and  traiiBmuted  into  electricity. 

Long  before  tbe  death  of  Melloni,  wbat  the  Gflrmang  cull  "  Die 
Identitats  Frage,"  that  is  to  say,  tbe  question  of  tbtj  ideiitity  of  ligbt 
aiid  radiant  heat,  agitated  men'B  minda  and  spurred  their  inquiries. 
In  the  world  of  Bcience  people  differ  from  each  other  in  wisdom  and 
penetration,  and  a  new  theoretic  truth  has  always  at  first  the  minority 
on  its  side.  But  time,  holding  incessantly  up  to  the  gaze  of  inquirers 
the  unalterable  pattern  of  nature,  gradually  stamps  that  pattern  on 
the  human  mind*  For  twenty  years  Henry  Brougham  was  able  to 
quench  the  light  of  Thomas  Young,  and  to  retard,  in  like  proportion, 
the  difiusion  of  oorreot  notions  regarding  the  nature  and  propagation 
of  radiant  heat.  But  such  opposing  forces  are,  in  the  end,  driven 
in,  and  the  undulatory  theory  of  ligbt  being  once  established,  soon 
made  room  for  tlie  undulatory  theory  of  radiant  heat.  It  was 
shown  by  degrees  that  every  purely  physical  effect  manifested 
by  ligbt  was  equally  manifested  by  the  invisible  form  of  radiation. 
Beflection,  refraction^  double  refraction,  polarization,  magnetization, 
were  all  proved  true  of  radiant  heat,  just  as  certainly  ae  they  had 
been  proved  true  of  light.  It  was  at  length  clearly  realised  that 
radiant  heatj  like  light,  was  propagated  in  waves  through  that 
wondrous  luminiferous  medium  which  fills  all  space,  the  only  real 
difference  between  them  being  a  difference  in  the  length  and  frequency 
of  tbe  ethereal  waves.  Light,  as  a  Beneation,  was  seen  to  be  produced 
by  ft  particular  kind  of  radiant  heat,  which  possessed  the  power  of 
exciting  the  retina. 

And  now  we  approach  a  deeper  and  more  subtle  portion  of  our 
subject.  What,  we  have  to  ask,  is  the  origin  of  the  ether  waves, 
some  of  which  constitute  light,  and  all  of  which  constitute  radiant 
beat  ?  The  answer  to  this  question  is  that  the  waves  have  their  origin 
in  the  vibrations  of  the  ultimate  particles  of  bodies.  But  we  must 
bo  more  strict  in  our  definition  of  nltimato  particles*  The 
ultimata  particle  of  water,  for  example,  is  a  molecuU*  If  you  go 
beyond  this  molecule  and  decompoBo  it,  the  result  is  no  longer  water, 
but  the  discrete  aioms  of  oxygen  and  hydrogen.  The  Enoleculc  of 
water  consistB  of  three  such  atoms  tightly  held  together,  but  still 
capable  of  individual  vibration.  The  question  now  arises :  Is  it  the 
molecules  vibrating  as  wholes,  or  the  shivering  atoms  of  the  mole- 
cules that  are  to  be  considered  as  the  real  sources  of  the  ether  waves  ? 
As  long  as  we  ware  confined  to  the  eiperiments  of  Leslie,  Bumford, 
aud  Melloni,  it  was  di:ffioult  to  answer  this  question.  But  when  it 
was  discovered  that  gases  and  vapours  possesseJ — in  some  cases  to  an 
ftstonisbing  extent — the  power  both  of  absorbing  and  radiating  heat,  a 
Dew  light  was  thrown  upon  the  question. 
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YoQ  know  that  Iho  theory  of  gases  and  yaponrs,  now  geni^rallj 
adapted,  18  that  thoy  consist  of  molecular  or  atomio  projectiles 
djuiing  to  and  fro,  clftshing  and  recoiliiig,  endowed,  in  short,  with 
a  motioii  not  of  vibration  bnt  of  tronBlation.  When  two  molecules 
dasb,  or  when  a  single  molecule  strikes  against  its  bonndai^,  the 
first  effect  iB  to  defonn  the  molecule,  by  moying  ita  atoms  out  of 
their  places.  But  gifted  aa  they  are  with  onorraoUB  resiliency,  the 
atoms  immediately  recover  thoir  positions,  and  continue  to  quiver  in 
consofiuenoe  of  the  shock.  Held  tightly  by  the  force  of  afi^ty,  they 
recemhle  a  string  stretched  to  abnoBt  infimto  tension,  and  thorpforo 
capable  of  generating  tremors  of  almost  infinite  rapidity.  What 
we  call  the  heat  of  a  gas  is  made  up  of  these  two  motions— the 
digbt  of  the  molecules  through  space,  and  the  qnivering  of  their 
oonEtitueut  atoms.  Thus  does  the  eyo  of  scienee  pierce  to  what 
Newton  called  "  the  more  secret  and  noble  works  of  Nature,"  and 
make  us  &t  home  amid  the  mysteries  uf  a  world  lying  in  all  pro- 
babOi^  vastly  further  beyond  the  range  of  the  microscope  than 
the  moge  of  the  microscope^  at  its  maximum,  lies  beyond  that  of 
Iho  unaided  eye. 

The  great  principle  of  radiation,  which  affirmB  that  all  bodies 
absorb  the  same  rays  that  they  emit,  is  now  a  familiar  one.  When, 
for  exampte,  a  beam  of  white  light  is  sent  through  a  yellow  sodium 
dame,  prodoced  by  a  copious  supply  of  sodium  vapour,  the  yellow 
OGQStitaeut  of  the  white  beam  is  stopped  by  the  yellow  flame,  and  if 
ite  beftm  be  subaec^Qeutly  analysed  by  a  prism,  a  black  baud  is  found 
in  the  place  of  the  intercepted  yellow  band  of  the  spectrum.  Wo 
have  been  led,  as  yon  know,  to  our  preseut  theoretic  knowledge  of  light 
by  a  close  study  of  the  pheuomena  of  sound,  which  in  the  present 
instance  will  help  us  to  a  conception  of  the  action  of  the  sodium  flame. 
The  atoms  of  sodium  vapour  synchronize  in  their  vibrations  with 
the  particular  waves  of  ether  which  produce  the  sensation  of  yellow 
Ught,  The  vapour^  therefore,  can  take  np  or  absorb  the  motion  of 
thofK>  waves,  as  a  stretched  piano-string  takes  up  or  absorbs  the  pulsea 
of  m  Toi^s©  pitched  to  the  note  of  the  string.  I  will  now  show  you  the 
action  of  sodium  vapour,  in  a  way  and  with  a  result  which  startled 
and  perplexed  me  on  first  making  the  experiment,  more  tlian  twenty 
yean  ago.  You  know  that  the  spectra  of  incandescent  metallio 
v^onrs  aro  not  continuous,  but  formed  of  brilliant  hands.  I  wished, 
in  1861t  Io  obtain  the  brilliant  yellow  hand  produced  by  incandescent 
aodium  Yapour,  To  this  end,  I  placed  a  bit  of  sodium  in  a  carbon 
erndble,  and  volatilized  it  by  a  powerful  voltaic  current,  A  feeble 
ipectrom  overspread  the  screen,  from  which  I  thought  the  sodium 
hand  would  stand  out  with  dominant  brilliancy.    To  my  surprise,  at 

very  point  where  I  expected  this  brilliant  band  to  app^mr,  a  band 
of  darkziett  took  its  place.  By  humouring  the  voltaic  arc  a  littlef  the 
dnteM  v&niflhed,  and  in  the  end  I  obtained  tho  bright  hand  which 
I  Imd  iongtil  »t  the  beginning.    On  rofiection  the  cause  was  manifest 
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The  first  igniHon  of  the  sodium  was  accompanierl  by  the  development 
of  a  largo  amouut  of  sodium  vapouFj  which  Bpread  outwards  and  but- 
rouixded,  as  a  cool  envelope,  the  core  of  intensely  heated  vapour 
inside.  By  the  cool  vapour  the  rays  from  the  hot  were  inter- 
cepted, bat  on  lengthening  the  arc  the  outer  vapour  in  great  part  wad 
dispersed^  and  the  rays  passed  to  the  screen.  This  relation  m  to 
temperature  was  necessary  to  the  production  of  the  black  band ;  for 
were  the  outaide  vapour  as  hot  as  the  inside,  it  would,  by  ita  own. 
radiation f  make  good  the  light  absorbed. 

An  eitremoly  beautiful  eiperiment  of  this  kind  was  made  here  last 
week  by  Professor  Li  vein  g,  with  rays  which,  under  ordinary  cir- 
cumfltancea,  are  entirely  invisible*  Professor  Dewar  and  Profossor 
Liveing  have  been  long  working  with  conspicuous  success  at  the 
ultra-violet  spectrum,  and  with  Professor  Dewar' s  aid  I  will  now  show 
you  this  spectrum,  as  it  was  ah  own  last  week  by  Professor  Liveing* 
Using  prisma  and  lenses  of  a  certain  kind,  and  a  powerful  dynamo 
machine  to  volatilize  our  metals,  we  cast  a  spectrum  upon  the  screen* 
You  notice  the  terminal  violet  of  this  spectrum.  Far  beyond  that 
violet,  waves  are  now  impinging  upon  the  screen,  which  have  no 
sensible  eflcct  upon  the  organ  of  vision ;  they  constitute  what  wo  call 
the  ultra-violet  spectrum.  Professor  Stokes  has  taught  m  how  to 
render  this  invisible  spectrum  vittible,  and  it  is  by  a  skilful  applica- 
tion of  Stokes'  discovery  that  Liveing  and  Dewar  bring  the  hiddeQ 
Bpectrum  out  with  wondrous  strength  and  beauty. 

You  notice  here  a  small  second  screen,  which  can  be  moved  into  the 
ultra- violet  region.  Felt  by  the  haodt  the  surface  of  this  screen  re- 
sembles sandpaper,  being  covered  with  powdered  uranium  glass,  a 
highly  fluorescent  body.  Pushing  the  moveable  screen  towards  the 
visible  spectrum,  at  a  distance  of  three  or  four  feet  beyond 
the  violet^  light  begins  to  appear.  On  pushing  in  the  screen,  the 
whole  ultra-violet  spectrum  falls  upon  it,  and  is  rendered  visible 
from  beginning  to  end.  The  spectrum  is  not  continuous,  but  com- 
posed for  the  most  part  of  luminous  bands  derived  from  the  wKito* 
hot  crucible  in  which  the  metals  are  to  be  converted  into  vapour* 
I  beg  of  you  to  direct  your  attention  on  one  of  these  bands  in  par- 
ticular. Here  it  is,  of  fair  luminous  intensity.  My  object  now  is  to 
fihow  you  the  reversal^  as  it  is  called,  of  that  band  which  belongs 
to  the  vapour  of  magnesium,  exactly  as  I  showed  you  a  moment 
ago  the  reversal  of  the  sodium  band.  An  assistant  wiU  throw  a  bit 
of  magnesium  into  the  crucible,  and  you  are  to  obserTe  what  first 
takes  place.  The  action  is  rapid «  so  that  you  will  have  to  fix  your 
eyes  upon  this  particular  strip  of  light.  On  throwing  in  the  mag- 
nesiumj  the  luniinous  band  belonging  to  its  vapour  is  cut  away^ 
and  yon  have,  for  a  second  or  so,  a  dark  band  in  its  place.  I  ropeat 
the  experiment  three  or  four  tiraea  in  euccessiou,  with  the  same 
unfailing  result.  Here,  ns  in  the  case  of  the  so^lium,  the  mag- 
nesium surrounded  itself  for  a  moment  by  a  cool  envelope  of  its  own 
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Tapour,  wttich  cut  off  the  radiatioQ  from  witliin,  and  thas  prodaoed 
the  darkness. 

And  now  let  ns  paas  on  to  an  apparently  different,  but  to  a  roally 
flunilftT  reanlt,  Hor«  i&  a  feebly  luminous  flame,  which  yon  know  to 
be  that  of  hydrogen,  the  product  of  combuetion  being  water  Taponr. 
Here  is  another  flame  of  a  rich  bine  colour,  which  the  chemists 
preeent  know  to  be  the  flame  of  carbonic  oxide,  the  product  of  com- 
bofltioii  being  carbooio  acid.  Let  the  hydrogen  flame  radiate  through 
a  column  of  ordinary  carbonic  acid — the  goB  proves  highly  transparent 
to  the  radiation.  Send  the  rays  from  the  carbonic  oside  flamo  through 
the  same  column  of  carbonic  acid — the  gua  proves  powerfully  opaque. 
Why  is  this  ?  Simply  because  the  radiant,  in  the  case  of  the  carbonic 
oxide  flame,  is  hot  carbonic  acid,  the  rays  from  which  are  quenched 
hy  the  cold  acid  exactly  as  the  rays  from  the  intensely  heated  sodituu 
vapour  were  quenched  a  moment  ago  by  the  cooler  envelope  which 
eorroandcd  it.  Betir  in  mind  the  ease  is  always  one  of  synchronism. 
It  is  because  the  atoms  of  the  cold  acid  vibrate  with  the  same  fi*e- 
qumcy  AS  the  atoms  of  the  hot,  that  the  pulses  sent  forth  from  the 
latter  are  absorbed. 

Kewton,  though  probably  not  with  our  present  precision,  had  formed 
m  conception  similar  to  that  of  molecules  and  their  constituent  atoms* 
The  former  he  called  corpuscles,  which,  as  Sir  John  Herschel  eays, 
he  regarded  "  as  divisible  groups  of  atoms  of  yet  mote  delicate  kind." 
The  molecules  he  thought  might  be  seen  if  microscopes  could  be 
caused  to  magnify  thr£«  or  four  thousand  times.  But  with  regard  to 
the  atoms,  he  made  the  remark  already  alluded  to  : — *^  It  seema  im- 
poaaibte  to  see  the  more  secret  and  nobler  works  of  nature  within  the 
eorpnscltts,  by  reason  of  their  transparency/' 

I  have  now  to  ask  your  attention  to  an  illustration  intended  to 
altGW  how  raiiiant  heal  may  be  made  to  play  to  the  mind's  eye  the  part 
of  the  mieroBcope,  in  revealing  to  us  something  of  the  more  secret  and 
noble  wurka  of  atomic  nature.  Chemists  are  ever  on  the  alert  to 
nottoe  ojiatogiea  and  resemblauces  in  the  atomic  structures  of  different 
bodies.  They  long  ago  pointed  out  thnt  a  resemblance  exists  between 
that  evil-smelling  liquid,  bisulphide  of  carbon,  and  carbonic  acid.  In 
the  latter  substance,  we  have  one  atom  of  carbon  united  to  two  of 
oxygen,  while  in  the  former  we  have  one  atom  of  carbon  united  to  two 
of  sulphur.  Attempts  have  been  made  to  push  the  analogy  Btill 
farther  by  the  discovery  of  a  com|}Ound  of  carbon  and  sulphur  which 
ilumU  be  an&logotta  to  carbonic  oxide,  where  the  proportions,  instead 
of  <mb  to  two,  are  one  to  one,  but  hitherto,  I  believe,  without  success. 
L«t  Qa  now  see  whether  a  little  physical  light  cannot  reveal  an 
■imkkgy  between  carbonic  acid  aud  bisulphide  of  carbon  more  occult' 
tlttii  any  hitherto  pointed  out.  For  all  ordinate  sources  of  radiant 
hmi  the  bisolpbide,  both  in  the  liq^uid  and  vapurtms  form,  is  the  most 
truspiJDtit,  or  diathermanous,  of  bodies.  It  transmits,  for  ciumple, 
50  pef  «mi.  of  the  radintion  from  our  hydrogen  flame,  10  i>er  cent. 


only  being  absorbed.  Bat  when  wo  ntako  the  carbonic  oxitle  flame 
our  BOTirco  of  rajB,  the  bistilphide  ahowe  itsolf  to  bo  a  body  of  extreine 
opacity.  Tbe  tmnemifisiTe  power  falk  from  90  to  about  25  per  cent., 
76  per  cent,  of  the  radiation  beinf;  nbeorbed.  To  tbe  radiation  from 
tbe  carbonic  oxide  flame  the  bieulpliide  behaves  like  the  carbonic  acid. 
In  other  words,  the  grou|K  of  atoms  constituting  the  moleculo  of  tbe 
biBnlpbide  vibrato  in  the  Batoe  periods  as  those  of  the  atoms  which 
constitute  tho  molecule  of  the  carbonic  acid.  And  thus  we  have 
eatabiiahed  a  new,  subtle,  but  most  certain  resemblance  between  these 
two  subBtancC8«  The  time  may  come  when  chemists  will  make  more 
use  than  they  have  hitherto  done  of  radiant  heat  as  an  explorer  of 
molecular  condition. 

The  term  "  thoorotical  radiation  "  introduced  into  the  title  of  this 
diecuurse  is,  I  hope,  thus  justified*  The  conception  of  these  quivering 
atoms  is  a  theoretic  conception^  but  it  is  one  which  gives  ns  a  powerful 
grasp  of  the  facts,  and  enables  us  to  realise  mentally  the  mechanism 
on  which  radiation  and  absorption  depend.  We  wUl  turn  in  a  moment 
to  what  I  have  called  practical  "  radiation."  It  is  pretty  well  known 
that  for  a  long  series  of  years  1  conducted  an  amicable  controversy  with 
one  of  tho  most  eminent  experimenters  of  our  time,  as  n^gards  the 
action  of  the  earth's  atmosphere  on  solar  and  torrestrial  radiation.  My 
contention  was  thftt  the  great  body  of  our  atmosphere — its  oxygen  and 
nitrogen — had  but  little  eflfect  upon  either  the  rays  of  the  sun  coming 
to  us,  or  tho  rays  of  the  earth  darting  away  from  m  into  s|>ace,  but 
that  mixed  with  tho  body  of  our  air  there  was  an  attenuated  and 
apparently  trivial  constituent  which  exercised  a  most  momentous 
in^uence.  That  body,  as  many  of  you  know,  is  aqueous  vapourt  the 
amount  of  which  does  not  exceed  1  per  cent,  of  the  whole  atmosphere. 
Minute,  however,  as  its  quantity  is,  the  life  of  our  planet  depends  upon 
that  vapour.  Without  it,  in  the  first  place,  tho  clouds  could  drop  no 
fatness.  In  this  sense  the  necessity  for  its  presence  is  obvious  to  all. 
But  it  acts  in  another  sense  as  a  preserver.  Without  it  as  a  coverings 
the  oarth  would  soon  be  reduced  to  the  frigidity  of  death.  Observers 
were,  and  are,  slow  to  take  in  this  fact,  which  nevertheless  is  a  fact, 
hawever  improbable  it  may  at  first  sight  appear.  Tho  action  of  aqueous 
Tftpour  upon  radiant  heat  has  been  eetablishcd  by  irrefragable  experi- 
ments tn  the  laboratory;  and  these  experiments,  though  not  unopposed, 
have  been  substantiated  by  some  of  tho  most  accomplished  meteoro- 
logists of  our  day. 

I  wished  much  to  iuBtrnet  myself  a  little  by  actual  observation  on 
this  subject,  under  the  open  sky,  and  my  first  object  was,  to  catch,  if 
possible^  states  of  the  weather  which  would  enable  me  to  bring  my 
views  to  a  practical  test.  Thanks  to  an  individual  who  devotes  her 
life  to  taking  care  of  mine,  a  little  iron  hut,  embracing  a  single  room, 
has  beeu  placed  for  my  benefit^  upon  the  wild  moodand  of 
Hind  Head,  From  the  plateau  on  which  tho  hut  stands,  there  is  a 
free  outlook  in  all  directions.    Here,  amid  the  heather^  1  had  two 
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stout  poles  filed  firmly  in  tho  ground  oiglit  feet  Bstinder,  and  a  Btout 
€Of<l  etretolied  fnim  one  to  the  other.  From  the  centre  of  this 
eotd  ft  thermometer  is  aaspeiided  with  its  bulb  four  feet  aboTo  tbe 
groimdi  On  the  ground  is  placed  a  pad  of  cotton  wool,  and  on  this 
cotton  wool  a  eecond  thermometer,  tho  object  of  the  arraDgement 
being  to  dotermioo  tho  difference  of  temperature  between  tho  two 
thermoiueters,  which  are  only  four  feet  vertically  apart. 

Permit  me  at  the  outset  to  deal  with  the  subjoct  in  a  perfectly 
eieineutary  way.  In  comparison  with  the  cold  of  space,  the  earth 
miiat  be  regarded  as  a  hot  body,  sending  its  rays,  should  nothing 
interoept  them,  across  the  Btmosphere  into  space.  The  cotton  wool 
is  chosen  because  it  is  a  powerful,  thongh  not  the  most  powerful, 
radiator.  It  pours  its  heat  freely  into  the  atmosphere,  and  by  reason 
of  its  flocculence,  which  renders  it  a  non*conductor,  it  ib  unable  to 
deHve  from  the  earth  heat  which  might  atone  for  its  losa.  Imagine 
the  cotton  wool  thus  self-c hilled.  The  air  in  immediate  contact  with 
it  shares  its  chiU,  and  the  thortnometor  lying  upon  it  partakes  of  the 
refrigeration.  In  calm  weather  the  chilled  air,  because  of  its  greater 
density,  remains  close  to  the  earth's  surface,  and  in  this  w&y  we 
eomctimee  obtain  upon  that  surface  a  temperature  considerably 
lower  than  that  of  the  air  a  few  feet  above  it.  The  experiments  of 
Wilson,  Six,  and  Wells  have  made  us  familiar  with  this  result. 
On  the  other  hand,  the  earth's  eurfaco  during  the  day  reoeives 
from  the  snn  more  beat  than  it  loses  by  its  own  radiation,  so  that 
when  the  sun  ia  active,  the  temperature  of  the  surface  exceeds  that  of 
the  air. 

These  points  will  bo  best  illustrated  by  describing  the  course  of 
temperature  for  a  day,  beginning  at  sunrise  and  ending  at  10, 20  p^ir, 
on  March  4»  The  obeerrations  are  recorded  in  the  annexed  table,  at 
Uxe  head  of  which  is  named  the  place  of  observation,  its  elevation 
above  the  sea,  and  the  state  of  the  weather.  The  first  column  in  the 
Table  contains  the  times  at  which  the  two  thermometers  were  read, 
Tb©  column  under  **  Air gives  the  temperatures  of  the  air,  the  columji 
under  **■  Wool "  gives  the  temperatures  of  the  wool,  while  the  fourth 
odinii]]  gives  the  diSbrences  between  the  two  temperatures.  It  is 
■een  at  a  glance  that  from  sunrise  to  0.20  a.m.  the  cotton  wool  is 
colder  than  tho  air ;  at  1^ .  30  the  temperatures  aro  alika  This  ie  the 
hour  of  **  iutersection,"  which  is  immediately  followed  by  *'  inversion." 
ThroughuUt  the  day  and  up  to  4  P.M.  the  wool  is  warmer  than  the  air. 
At  4.5  p.u,  the  temperatures  are  again  alike  ;  while  from  that 
p<uut  downwards  the  loss  by  terrestrial  radiation  is  in  eKcess  of 
the  gain  derived  from  all  other  sonrcos,  the  refrigeration  reaching  a 
maximum  at  7,30  p.m.,  when  tho  difierenoe  between  the  two  thermo- 
meters amounted  to  10*^  Fahr.  When  the  observationa  are  continued 
throughout  the  night,  the  greater  cold  of  tho  surface  is  found  to  bo 
muotaitiod  nntil  sunrise,  and  for  some  hours  beyond  it.  Had  the  air 
been  porfeetly  still  during  the  observations^  the  nocturnal  chilling  of 
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tlie  surface  would  Lave  been  in  tbiB  CftBc  greater ;  for  yon  can  readiljr 
nnderfitaud  that  even  a  light  wind  sweeping  over  the  surface,  and 
mLsLiug  the  eh i lied  with  the  warmer  air^  must  Beriously  interfere  with 
the  refrigeration. 

H™d  HeaPj  Elevation,  850  feet. 
OoniBd  of  Tem|jerataxe,  Maivh  4th, 
Sky  elaudlesa*    Hoiir  frotiL    Wiad  light  fFom  aorth  cftsL 


Air. 

1  WooL 

6.50  A.M.  (aunrise) 

31 

A 

2% 

% 

32| 

24} 

7.40 

34* 

is' 

35 

27 

8 

S.20 

35 

30 

5 

9.15 

40 

m 

2 

9.20 

41 

40 

1 

9.30  (jnleris«HJt[nti) 

41 

41 

0 

9  40  (iovGreioTj) 

41 

42 

1 

10. 1& 

44 

45 

?* 

n. 

45 

52 

11.30 

47 

55 

8 

1*2,  noon 

50 

58 

8 

12,30  P.a. 

50 

59i 

1. 

50 

574  ' 

,-11 

%. 

40 

60 

2,30 

48 

58 

10 

3, 

4t> 

7 

3. SO 

4« 

52 

4 

4, 

47 

4d 

1 

4 . 3  (in  terieotif>n  ) 

47 

47 

0 

4, 10  (inverfiiou) 

47 

45 

2 

4.15 

47 

4H 

4 

4.dJ 

4a 

41 

5 

7. 

2(J 

7.90 

35 

25 

10 

8'flO 

S4 

5t4i 

9i 

9.40 

S3 

241 

8* 

10-20 

'^2 

24 

8 

GlAcial  wind  from  north-caut.   Stare  very  bright. 

Various  circnmetaDCGs  may  oontribnte  to  leesen,  or  even  abolish, 
the  difference  botweon  tho  two  thermometers.  Haze,  fog,  cloud,  nun^ 
snow,  are  all  known  to  be  influential.  Those  are  visible  impedimonta 
to  the  outflow  of  heat  from  the  earth  ;  bnt  my  position  for  some  time 
has  been  that  a  very  powerful  obstacle  to  that  ontflow  eiifite  which 
is  entirely  invisible.  Tho  pure  vapour  of  water,  for  example,  is  a 
gas  as  inviBible  as  the  air  itself.  It  is  everywhere  diffused  thrnugli 
the  air ;  but,  unlike  the  oxygen  and  nitrogen  of  the  atmosphere,  it  is 
not  conBtant  in  quantity.    We  have  now  to  examine  whether  meteoro- 
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logical  obser'Tatioiis  do  not  cleoi'ly  indicate  its  influenoe  o&  tef festrial 
imdiAtion. 

With  a  view  to  this  exami&atioiit  I  will  choose  a  eories  of  observa- 
tions made  during  tlio  (iflxnioou  fl-iid  evening  of  a  day  of  eitriiordinary 
calmness  and  ee^retiity,  Tlie  ^'^isible  condition  of  tbe  atmoepheto  at  tbo 
time  was  tbat  wbicb  has  hitbcrto  been  congidered  most  faYOurablo  to 
ihf}  outflow  of  terrfistrtid  heat,  and  therefore  beet  calculated  to  establtab 
ft  large  difference  between  the  air  and  wool  thermometers.  The  16 lb 
of  laat  January  was  a  day  of  this  kind,  when  the  observations  recorded 
in  the  annexed  table  were  made. 


Jumiaiy  16tbp»£xtremelj  serano.    Air  almoBt  a  dead  calm.    Sky  witbotil 

cloud.    Light  soiitii'Weiit6i'1y  air. 


Time. 

Air 

Wool. 

S.40 

& 

0 

37 

g 

3.50 

42 

35 

7 

4, 

41 

35 

6 

4.15 

40 

34 

6 

4*30 

3S 

32 

6 

5. 

37 

28 

9 

5.30 

37 

30 

7 

6. 

36 

32 

4 

6,30 

3« 

31 

5 

7- 

36 

2S 

8 

7,30 

mi 

28 

7i  ' 

S, 

35 

26 

9 

8.30 

31 

25 

9 

9. 

35 

27 

S 

10. 

35 

28 

7 

10.30 

35 

20 

6 

During  theae  observations  there  was  no  Tiaible  imped.tmont  to 
terrestrial  ratliation.  The  sky  was  extremely  pure,  the  moon  was 
shining ;  Orion,  the  Pleiades,  Charles's  Wain,  including  the  small 
companion  star  at  the  bend  of  the  shaft,  the  North  Star,  and  numbers 
of  others,  were  cleitrly  visible.  After  the  last  observation,  my  note- 
book contains  the  remark,  "  AtmospheJ*e  exquisitely  clear  ;  from  zenith 
to  horizon  cloudlei^s  all  round." 

A  moment's  attention  bsstowcd  on  the  colimin  of  differences  in 
the  foiegoing  table  will  rnpsty  us*  Why  should  the  difference  at  6  p.m. 
be  Ibllj  5'^  It^m  than  at  5  PtM. ;  and  again  5°  less  than  at  8  ami  at 
8,30  reepee lively  ?  There  was  absolutely  nothing  in  the  aspect  of 
fch^  atmotphere  to  account  for  the  approach  of  the  two  thermometers 
at  6  oVUhJc— nothing  to  account  for  their  preceding  and  subso<jaent 
divergi^nco  from  each  other.  Anomalies  of  this  kind  have  bt?en 
olMerved  by  the  bnndred,  but  they  have  never  been  accounted  for,  and 
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intrusion  of  a  perfectly  invisible  Yaponr  was  competent  to  clteck  tie 
radifttion,  wliilo  its  passing  away  re-opencd  a  doorway  into  «paoe. 

It  is  well  to  bcir  in  mind  that  the  difforonce  tjetwee^n  the  two 
thenuometerB  on  tbe  evening  her©  referred  to  varied  from  4°  to  9°,  the 
lattor  being  the  maxinmnu 

Sucb  obeerrationa  might  be  mnltiplied,  bntj  with  a  view  to 
saving  space,  I  will  limit  the  record.  Oq  the  evening  of  Janimry 
30th J  the  atmosphere  was  very  serene ;  there  was  no  moon,  but  the 
firmament  was  powdered  with  stars.  At  7,15  p.m.  the  difference 
between  the  two  thermometers  was  j  while  at  9 . 30  p.m,  it  was  4^, 
the  wool  thermometer  being  in  both  casoa  the  colder  of  the  two.  On 
Febraary  3rd  obfiervations  were  made  under  Rimilar  conditions  of 
weather,  and  with  a  eimilar  result.  At  7.15  p*m.  the  difle^enco 
between  the  thermometers  was  6^  ;  while  at  8.25  p.ai.  it  was  4*^.  On 
both  those  evenings  the  sky  was  clondlessj  the  stars  wero  bright,  while 
the  movement  of  the  air  was  light,  from  the  south -west. 

In  all  tbeso  cases  tho  air  passing  over  the  plateau  of  Hind  Head 
bad  previously  grazed  the  comparatively  warm  surf  ace  of  the  Atlantic 
Ocean,  where  it  had  charged  itself  with  aqueous  vapour  to  a  degree 
corresponding  to  its  tcmperaturo.  Let  us  contrast  its  action  with 
that  of  air  coming  to  Hind  Head  from  a  quarter  less  competent  to 
charge  it  with  aqneous  vapour.  We  were  visited  by  such  air  on  tho 
10th  of  laat  December,  when  tbe  movement  ef  the  wind  was  light 
from  the  north-east,  the  temperature  at  the  time,  moreover,  was  very 
low,  and  hence  calculated  to  lessen  the  quantity  of  atmospherio 
vapour.  Snow  a  ftmt  deep  covered  the  heather.  At  8 . 5  A.ia.  the  two 
thermometers  were  taken  from  tbe  hut,  having  a  common  temperature 
of  35^«  The  one  was  rapidly  suspended  in  the  air,  and  the  other  laid 
npon  the  wool.  I  was  not  prepared  for  the  result.  A  single  minute's 
exposure  sufficed  to  establish  a  difference  of  6°  between  the  ther^ 
momctcrs ;  an  eiposnre  of  five  minutes  produced  a  difference  of  13^ ; 
while  after  ten  minutes'  exposure  the  difference  was  found  to  be  do 
leea  than  17^.    Here  foUow  Bome  of  the  observatione. 


December  10th.— Deep  anow ;  Inw  temperalure ;  eky  clear ;  light 
QortL-easterlj  air. 


TioiP. 

Air. 

Wool 

EMffcTenoe. 

A.M. 

o 

8.10 

29 

16 

13 

8,15 

29 

n 

17 

8.20 

27 

n 

15 

8.W 

26 

u 

15 

hAQ 

26 

10 

16 

8.45 

27 

It 

16 

8.50 

29 

11 

18 

During  these  obeorvationsj  a  dense  bank  of  eloud  on  the  opposite 
ridge  of  Bbckdown^  virtually  retarded  tbe  rising  of  the  £un.    It  had, 
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ho^evar^  cleared  the  bank  during  the  List  two  obecrrationg^  and, 
touchmg  the  atr  thermometer  with  its  warmth ^  raised  its  temperature 
from  26"^  to  2V  and  29"*.  The  Yory  large  difference  of  IS''  is  in  part 
to  be  ascribed  to  this  raising  of  the  temperature  of  the  air  ther^ 
mometer.  I  will  Umit  myself  to  citing  one  other  case  of  a  similar 
kind.  On  the  evening  of  the  3 let  of  March,  though  the  surface 
tempera tnre  was  far  below  the  dew  point,  very  little  dew  was 
deposited.  The  air  was  obviously  a  dry  air.  The  eky  was  perfectly 
doudless,  while  the  barely  perceptible  movement  of  tbo  air  was  from 
the  north-east.  At  10  p*w,  the  temperatmro  of  the  air  thermoraeter 
was  37^,  that  of  the  wool  thennometer  was  20^,  a  refrigeration  of 
17^  being  therefore  observed  on  this  occasion. 

From  the  behaviour  of  a  smooth  baU  when  urged  in  sncsccBsien  over 
fihoH  gra^,  over  a  gravel  walk,  over  a  boarded  floor,  and  over  ice,  it 
baiS  been  inferred  that,  were  friction  entirely  withdrawn,  wo  should  have 
no  retardation.  In  a  Bimilar  way,  under  atmospheric  conditions 
Timbly  the  same,  we  obaerve  that  the  refrigeration  of  the  earth's 
surface  at  night  markedly  increases  with  the  dryness  of  the  atmo- 
sphere :  we  may  infer  what  would  occur  If  the  in  visible  atmospheric 
vapour  were  entirely  withdrawn,  I  am  far  from  saying  that  the 
body  of  the  atmosphere  eierts  no  action  whatever  upon  the  waves  of 
terrestrial  heat ;  but  only  that  its  action  Is  so  small  that,  when  due 
precautions  are  taken  to  have  the  air  pure  and  dry,  laboratory  experi- 
ments fail  to  reveal  any  action.  Without  its  vaporous  scroen,  our 
solid  earth  would  practieaUy  be  in  the  preeenoo  of  stellar  epace  ;  and 
with  that  space,  so  long  as  a  diiference  existed  between  them,  tb© 
earth  would  continue  to  escbange  temperatures.  The  final  result  of 
such  a  process  may  be  surmised.  If  carried  far  enough,  it  would 
infallibly  extinguish  the  life  of  our  planet. 

[J.T.] 
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GEJfERAL  MONTHLY  MEETING, 
Monday,  April  2,  1883. 

Geoege  Buse,  Esq.  F.E.S.  Treasurer  and  Vice-President,  in  the 

Chair. 

Arthur  Gonliton,  Esq.  Jus,  B,A.  Cimtab. 
B.  Bajmoud  M6ge,  E&q^^ 

were  elected  Members  of  the  Eoynl  Institufcioii. 

The  Special  Tbauka  of  the  Members  were  returned  to  Mr.  L.  M. 
Rate,  the  Secretary  of  the  Board  of  Visitors,  for  hia  donation  of  £20 
towards  the  purchase  of  the  new  Gm  Engine, 

The  Phebests  received  since  the  last  Meeting  were  laid  on  tlie 
table,  and  the  thanks  of  the  Mombers  returned  for  the  same,  viz. : — 


Jocffldtmtw  dd  lAnceh  Beak,  Jloma— Aiti,  6crie  Terza.   Vol.  TIE.  Fwie.  4.  iiou 

Aiiaiie  Eocietif  of  Bengal— J immtx^  Vol.  LL  Purt  2,  Ko.  4,    Svo.  1883. 
A«irQfiomi&jl  SficMy,  R^nfal—Umihly  Noticee,  Vol  XLIII.  No.  4,   8vo,  1883, 
Banhert,  Imtitute  of— Journal,  Vol.  IV.  Purt  3.    Sto,  1883. 
British  ATchiieeU^  Royal  Lietituta  q/*— Pixxjeetlings,  13li2-B,  No^.  10,  II.  4t0. 
lirituh  Museuta  Trustees — Ciittilogue  of  lh&  ButrachtA  SiiJientjji.    'lud  Kil.  £m 
18S2. 

C&tblogtie  of  thfl  BfiLmcbia  Gni<!ientia  and  Apoda.   2ad  Ed,   8yo,  1882, 
Cktalogne  of  the  FoiSsiL  Fnmmmifem.    8vo.  1882, 

List  of  Hymenciptom.    Vol.  1.    Teiithr^iDidts  and  SlriGidsQ.    8vo.  1882, 
CiitaKj^ft  of  OrittneBl  O^lnfl,    VoL  VII.    8yo.  imt. 
Guides  Lo  tho  Exhibitinu  Gallei-iee,    8  to.  ll^Sl-3. 

Guidtifi  to  Index  Musieomt  and  to  the  Collectkius  of  Keteoritea  and  Goti]d*« 
Birds.    8ti>,  1882-3. 

Indi'S  to  Collection  of  Minoffllts.    8ro.  1882. 
Clumit^al  SfW/efy— Journtd  lor  Mapcii»  1883.  8vo, 
Editors — American  Journal  of  Scionoo  for  Marobf  1883.  8ra 

Analyst  for  MhtcIi,  8vo, 

Aibf^umum  fur  Mure  J  i,  4  to. 

Chemioal  Newa  Jt>r  Maxclt,  1883.  4to. 

Engini't?r  for  March,  1883,  f«l. 

Irau  for  Mqh^U,  ltj8:i.  4t€. 

Nature  for  Miirob,  1883.  4to. 
W/r         KcTue  Scientiflque  and  Bcfuq  Poll  1 1  que  et  LUtcrajjre  for  Mait:;b,  I$63.  itfK 
W  Telegniphtc  Joomal  for  Miitch,  18£t3.  ful, 

I  FranMifi  ItiMtttite—^Quni&l,  No.  UH?.    Svo,  ll*83. 

r  GroQmphical  Society,  flo^— Froctedings,  New  Sejiea;*  Vol.  V.  No*  3.  8vo.  1883- 
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Qwlogieid  i6be<«ty— Abstracts  of  Prooeedings,  1882-3,  Nos.  434, 435.  8yo. 
GMetty  Mn.  ^.—Origines  Celticae,  and  other  Contributions  to  the  History  of 

Britain.   Bj  £.  Gnest.   2  vols.   8vo.  1883. 
Jokni  Hopkin$  Univenity—Amenc&n  Journal  of  Philology,  No.  12.    Svo.  1882. 

University  Circulars,  No.  21.   4to.  1883. 
Linnean  Sociciy-nJouraal,  Nos.  96,  125.   8vo.  1883. 

Proceedings,  March,  1883.  8yo. 
Litban,  Sociedade  de  (reo^pfcio— Bulletin,  3«  Serie,  No.  7.   8vo.  1882. 
MaefU^  B,  A.  Esq.  F.R8.E.  {the  Authory—The  Patent  Bills  for  1883.  Svo.  1883. 
Manekester  Oeohgical  iSocirfy— Transactions,  Vol.  XVI 1.  Part  5.   8to.  1882-3. 
JfetMyroIo^teoZ  0(^60— Hourly  Readings,  188      Part  III.   4to.  1883. 
Netoton,  A,  V.  Esq,  (the  Author}— The  Patent  Agent  and  his  Profession.  8yo. 
1883. 

Pharmaoeutieal  Society  of  Great  Britain — Journal,  March,  1883.  8vo. 
Photoffra]^ie  &c<ety— Journal,  New  Series,  Vol,  VII.  No.  5.   8vo.  1883. 
Polydore,  E.  E.  Esq.  (the  /ntwntor)— Explication  du  Calendrier  Perp^tuel.  8vo. 
Smyrna,  1882. 

Purdy^  Frederick^  Esq.  F.8.8.  M.B.I. — Annual  Report  of  the  Local  Government 

Board.   Supplement.   Report  of  Medical  Officer,  1881.    8vo.  18R2. 
Bio  de  Janeiro^  Obeervatoire  Imperial  de — Annales,  Tome  I.   4to.  1882. 
Boyal  Society  of  LoiMlon— Proceedings,  No.  223.   8vo.  1882. 
Society  of  Irfe— Journal,  March,  1883.  8vo. 

St.  Peterabowg  Aeadhnie  des  iSeisnces— M^oires,  7«  Serie,  Tome  XXX.  Nos.  9-11. 
4to.  1882. 

Symonsj  G.  J.  Esq.  J^.jR.5.— Monthly  Meteorological  Magazine,  March,  1883.  8vo. 

TeUgraph  Engineers^  Society  o/— Journal,  Vol.  XI.  No.  46.   8vo.  1883. 

Faux,  W.  S.  W.  Esq.  M.A.  F.BJS.  Jf. The  Russian  Railway  to  Herat  and 

India.   By  C.  Marvin.   8vo.  1883. 
Vereins  xur  Beforderung  des  Getoerbfleisses  in  Preussen — ^Verhandlungen,  1883: 

Heft  2.  4to. 

YemonrHareourt,  L.  F.  £^19.  M.A,  (the  Authory-The  Floods  around  Oxford.  8va 
1883. 

WHd,  Dr.  H.  (the  Director) — ^Annalen  des  Physikalisohen  Central  Observatorinms, 
1881.   TheilU.  4ta  1882. 


Friday,  April  6»  1883. 


William  BowMA2f,  Esq.  LL.D.  F.E.S.  Honorary  Secretary  and 
Tice- President,  in  .the  Chair. 

Aechibald  GErKiE,  Esq,  P.E.S, 
Diroctor-Gteneiial  of  the  Geologicftl  Survey  of  the  TTnited  EJiigdonu 

The  CanmB  of  the  Far  Weet 

Thi  drainage  lines  of  a  country  are  among  the  most  permanont 
features  in  its  topography.  Where  a  rivor  has  once  fastened  its  grasp 
ttpon  the  snrfacG,  thore  it  for  the  most  part  remains,  and  nothing  short 
of  fiome  colossal  upheaval  can  turn  it  into  a  new  course  The  rivera 
of  Europe  have  eerved  as  types  of  fluvratite  action  in  geology*  Tot 
an  ©laipinatioii  of  the  conditions  under  which  they  work  shows  that 
they  have  been  impeded  hy  influences  of  various  kinda  Eioept  itk 
their  mountain  tribntarios,  they  flow  over  comparatiTOlj  low  land. 
Their  gentle  declivity  prevents  them  from  attaining  any  great  erosive 
power,  and,  as  one  result  of  thia  characteristic,  they  have  cut  com- 
paratively few  deep  narrow  winding  gorges.  The  geological  fitrncturte 
of  this  continent  is  moreover  so  complicated^  that  hard  and  soft  rocks 
arc  thrown  together  in  rapid  alternation,  and  little  scope  is  afforded 
for  the  excafation  of  continuous  ravines.  The  clLmate,  too,  being 
comparatively  moist,  much  general  disintegration  of  the  surface  takes 
place,  and  the  detritus  washed  off  by  rain  loads  the  rivers  nearly  to 
the  maximum  of  their  transporting  power*  Where,  therefore,  as  is 
QsiiaUy  the  case,  the  rivers  flow  in  open  valleys  with  gently  sloping 
eides,  the  rate  of  atmospheric  denudation  has  been  at  least  as  great  as., 
or  greater  than,  that  of  river  erosion.  Whore,  on  the  other  hand, 
they  flow  in  narrow  precipitous  ravines,  they  have  been  able  to 
erode  faster  than  the  atmoepherio  agents  have  worn  down  the  stir- 
rounding  surface.  The  inflaence  of  vegetation  has  like  wis©  affected 
the  general  disintegration  of  the  surface.  But  perhaps  the  most 
important  factor  has  been  the  glaciation  of  the  Ice- Age.  A  largia 
part  of  the  area  was  under  ice  at  that  period.  The  minor  pre-glocial 
contours  were  then  in  great  measm^o  obliterated,  either  by  being 
ground  down  by  the  movement  of  the  icc-sheots,  or  by  being  bnriaS 
under  the  masses  of  clay,  earth,  and  stones  spread  out  over  the  lower 
grounds  and  valleys  on  the  retreat  of  the  ice.  The  rivor-channela 
would  especially  suffer.  The  valleys  that  existed  before  the  advent 
of  the  ice  generally  remained  VBlloys  after  the  ico  had  gone,  but  the 
Aotuftl  channels  of  the  post-glacial  drainage  would  only  occaaionally 
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coitioide  with  those  of  older  date.  Hence  the  present  river-cbannelB 
in  the  glaciiit«5d  regions  of  Europe  cannot  have  a  higlier  antiquity 
than  the  later  part  of  the  Glacial  period.  The  European  rivera 
therefore  do  not  oSer  illugtratioDs  of  river  action  in  its  most  active 

Ftobahly  the  region  of  the  earth's  surface,  whore  the  erosivo  action 
of  riverfi  can  bo  witnoeeed  on  the  grandest  sg^q  k  tho  bafiin  of  the 
Colorado  river  between  southern  Wyoming  and  the  desert  plateaui  of 
Arizona.  Throughout  that  region  the  strata  are  generally  bo  slightly 
inclined  that  to  fiie  eye  they  appear  to  be  horiatjntal.  They  form 
vast  plains  and  elevated  plateaux,  tho  higher  portions  being  densely 
clothed  with  pine»foregtB,  while  the  lower  tracts  are  in  large  measure 
barren  desert.  The  strangest  feature  in  tbis  strange  region  is  tho  way 
in  which  the  surface  has  been  trenched  by  running  water  into  a 
system  of  profound  gorges  or  caiions.  Through  the  main  canons  flows 
the  ruBhing  turbid  Colorado  river,  but  save  where  its  few  tributaries 
join,  tho  side  caiiong  have  no  permanent  streams,  and  are  only  occa- 
sioDjally  the  beds  of  torrents  when  a  heavy  rain-shower  falls.  Nearly 
the  whole  of  the  water  of  the  Colorado  comes  from  distant  high 
grounds,  and  the  cjiiion  region  through  which  the  river  winds  ia  in 
great  i>art  dry  and  desert.  The  Grand  Canon  of  the  Colorado,  ac- 
cording to  the  recent  measure  men  ta  of  Captain  Button,  is  220  nailos 
long,  and  in  places  about  6000  feet  deep.  There  are  really  two 
eanotift— «  wide  outer  valley  five  or  six  miles  broad,  with  precipitous 
lidM  datcending  2000  or  3000  feet  to  a  platform  through  which  winds 
the  inner  gorge  3000  feet  deep  and  from  3600  to  4000  feet  from  crest 
to  crest.  These  colossal  eicavationfl  ara  entirely  the  work  of  running 
water.  Ko  trace  of  any  fracture  has  been  found  ta  account  for  them ; 
on  the  contmry,  thoy  have  been  eroded  aoroas  the  line  of  large  folda 
and  dislocations  of  the  rocks. 

River-erosion  is  hero  at  its  maximtun  rata  This  appears  to  depend 
partly  on  the  high  altitude  of  the  region  and  the  consequent  great 
declivity  and  mpidity  of  the  rivers,  partly  on  the  aridity  of  the 
climate,  which  permits  the  rivers  to  erode  their  beds  unimpeded  by 
the  varioos  causes  that  hinder  thom  in  Europe ;  and  partly  on  iho 
large  amount  of  detritus  washed  dowu  into  the  rivers  by  the  occa- 
sional heavy  run-showers. 

But  there  hm  likewise  been  eimoltaneously  an  enormous  denuda- 
tioti  of  tlw  Bnrfftce  of  the  plaiaB  and  plateaux  throagh  which  the  Colo* 
rado  flows.  In  the  Grund  Canon  district  a  mais  of  strata  not  less 
than  10,000  foet  thick  is  computed  to  have  been  removed^  From  tho 
farottd  fold  of  the  Uinta  Mountains  the  amount  of  rock  swept  away  is 
wtimaled  at  3  J  miles  in  vertical  thiokness,  Ttiis  vmi  denudation  has 
b«efi  entirely  the  work  of  nnb -aerial  a^onts,  and  appears  to  have  been 
in  progress  ever  since  the  floor  of  the  Cretaceous  sea  was  gently  raised 
into  land  in  early  Eocene  times. 

There  may  have  been  variations  in  the  meteorological  conditions 
of  tho  past,  so  that  tbe  rate  of  denadaUon  has  possibly  been 
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ftccelomted  or  diminielied  from  time  to  time.  At  present,  part  of  ' 
the  dieintegmtioD  le  due  to  the  superficial  straitt  upou  the  surfaces  of 
rock  from  tbe  rftpid  eipansion  aud  c«  id  traction  caused  by  tbe  great 
daily  range  of  toraperature.  The  j&urface  of  tbo  bare  rocky  wastes 
crumbles  down.  Tbo  wind  bruflbos  off  tbe  ligbter  parti clea,  and  makes 
use  of  them  as  a  kind  of  sand-blast  to  wear  down  the  rocks  and  stones 
over  which  they  are  driven.  Bain,  tbougb  infrequent^  falls  in  occa- 
sion al  heavy  showers^  which,  sweeping  off  the  loosened  ciateriaU, 
rush  m  torrents  of  mud  aud  sand  down  the  dde  canons  into  the  main 
gorge. 

Much  that  is  most  characteristic  in  the  BCenery  of  the  canon 
region  arises  from  the  horizontality  of  the  strata.  The  aame  beds  of 
rock,  with  the  same  forms  of  weathering  and  the  same  peculiar  coloui-e, 
may  b©  traced  from  cliff  to  cliff  tor  many  miles.  A  etrangely  regular 
and  almost  architectural  symmetry  thus  arises,  and  is  traceable  even 
through  the  moat  rugged  and  broken  parts  of  the  scenery*  The 
array  of  spires,  towers,  buttresses,  alcoyee,  pediments,  mouIdingBj 
cornices,  along  the  escarpment  of  any  stratum  or  group  of  strata  is  in 
centinual  decay  and  renewal.  Slice  after  slice  is  cut  away  from  the 
face  of  a  cliff  by  the  disintegration  and  removal  of  the  softer  beds 
underneath,  and  thus  the  escarpments  are  creeping  backward  across 
the  plateau  I.  Old  valleys  now  devoid  of  any  Kving  stream  are  no 
longer  deepened,  but  the  sapping  of  their  boundary  walls  continues, 
BO  that  they  are  becoming  slowly  wider.  There  are  traces  of  an  older 
iystem  of  drainage  on  the  plateauit,  but  the  channels  are  now  dry  and 
axe  even  in  some  instances  truncated  by  the  walls  of  the  main  caiion. 
These  deserted  channels  probably  indicate  a  former  period  of  greater 
moisture.  The  glacial  period  undoubtedly  filled  up  the  basin  of  the 
Great  Bait  Lake  nearly  a  thousand  feet  above  its  present  level,  until, 
as  a  sheet  of  fresh  water,  it  sent  its  drainage  northwards  into  the  Snake 
river,  and  thence  inte  the  Pacific  Ocean.  The  author  had  searched 
in  vain  for  evidence  that  the  glaciers  of  the  mountains  to  the  west, 
north,  and  east  of  the  canon  region  had  mlvanced  into  the  plains,  but 
they  probably  supplied  a  larger  volume  of  water  to  the  rivers  of  that 
legion  than  theso  now  possess. 

The  history  of  tbe  erosion  of  the  canons,  as  shown  by  Powell  and 
Button,  throws  light  on  the  slow  rate  at  which  some  of  the  grander 
movements  of  tbe  earth*a  crust  may  take  place.  The  Green  river,  as 
the  northern  part  of  the  Colorado  is  called,  instead  of  turning  round 
the  flank  of  the  Uinta  Mountains^  strikes  boldly  into  them,  and  has 
cut  a  series  of  deep  canons  across  the  end  of  the  chain.  It  can 
be  shown  that  this  operation  cannot  have  been  effected  after  the 
uplift  but  must  have  been  contemporaneous  with  it.  The  upheaval 
of  the  vast  fold  of  these  mountain s*  from  which  some  24,000  feet  of 
rock  have  been  removed,  must  have  been  so  slow  as  not  to  dislodge  the 
river  fifom  the  winding  channel  it  had  previously  selected  As  fast  as 
the  mountains  rose,  the  river  sawetl  its  way  down  through  them.  In  the 
Grand  Canon  region,  faults  of  sometimes  6000  feot  in  displaccmont 
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hftve  ooonmd  across  tho  pathway  of  the  river,  but  without  in  any  way 
deflecting  it 

The  influence  of  subterranean  movements  is  shown  in  successive 
terraces  with  intervening  platforms,  as  in  other  rivers.  The  terraces, 
however,  do  not  consist  of  alluvium  but  of  escarpments  of  solid  rock. 

In  forecasting  the  future  history  of  the  canons,  we  find  that  the 
Grand  Canon  has  somewhere  about  1000  feet  to  remove  from  the 
bottom  of  its  channel  before  its  slope  becomes  so  slight  that  its 
erosive  power  will  nearly  cease.  It  is  conceivable  that  should  no 
geological  revolution  occur  in  the  region,  the  canon  may  be  still 
deepened  to  that  amount.  There  are  indications,  however,  that  a 
limit  may  be  set  to  the  possible  depth  of  the  chasm.  Like  the  creep  of 
a  coal  mine,  where  the  floor  is  squeezed  upwards  by  the  pressure  of 
the  enormous  superincumbent  weight  on  either  side,  the  bottom  of 
the  canon,  relieved  from  the  weight  of  the  overlying  column  of  rock, 
may  be  forced  upwards  by  the  pressure  of  the  walls  on  either  side. 
In  that  case,  the  channel  might  rise  as  fast  as  the  river  cut  it  down, 
so  long  as  nothing  occurred  at  the  surface  to  materially  diminish  tho 
height  of  the  walls. 

[A.  G.] 
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WEEKLY  EYENmG  MEETING, 
Friday,  April  13,  1883. 

Wn*LiAM  Bowman,  Esq*  LL.D.  F*R.8.  Honorary  Secretary  and  Vio(3- 
ProBidcDt,  in  the  Chair. 

CoAHLEs  Walmtein,  Esq,  Ph.D*  {Heidell>erg),  M.A.  (Cambridge)* 

UK  A  PES  JJC  OMuWOAL  A^UXOUMt  Hf  THl,  UinVUtfiPT  Of  CAWBttlDGE. 

The  Influence  of  Athletic  Games  upon  Greek  Art* 

I»  we  were  to  tell  an  nnmlucated  workman  or  a  thougbtlesa  yoimg 
lady  in  society  that  the  reaeons  why  they  consider  certain  people 
good-looking  and  certain  thinga  pleasing  and  well-proportioned  are 
based  upon  the  canons  of  proportion  which  the  ancient  Greeks  eata- 
hlifihed  for  the  human  form  and  for  the  objects  mmiufactured  by  them, 
they  wonld  find  it  difficult  to  realise  tho  truth  of  Huch  a  etote- 
ment,  Yetsoitis,  We  can  all  readily  realise  that  onr  taste  differs 
from  the  taste  of  savagca  who,  as  Professor  Flower  told  yon  three 
years  ago,  flatten  their  ekullB,  run  bones  tbrough  their  noses,  and 
stretch  and  thicken  their  lips  and  ears  by  means  of  weights.  Yet  tho 
fundamental  principles  asderlyiag  oiir  tasto,  in  contradistinction  to 
that  of  these  saTages,  are  identically  the  same  as  those  laid  down  by 
the  artists  of  ancient  Hulks,  Nay,  the  difference  in  taste  which 
separates  ns  from  the  types  of  Byzantine-Christian  and  early  German 
art  is  tho  same  as  that  which  separates  these  pre-renaisaance  types 
from  those  of  ancient  Greece.  We  aro  fundamentally  still  Greek 
in  taste.  Now,  when  we  consider  how  mnch  further  than  tho  Byzan- 
tines and  early  Germans  the  ancient  Greeks  are  removed  from 
ns  in  time,  space,  race,  and  religion,  the  qnestion  as  to  the  canses  of 
this  singular  persistency  of  the  influence  of  Greek  art  must  necessarily 
present  itself  to  the  inquiring  mind. 

The  first  and  most  obvious  answer  to  thif;  qneetion  is  a  parely 
historical  one.  It  would  consist  in  pointing  to  the  events  of  the 
Italian  ronai6sancc>  where,  as  a  matter  of  fact,  Greek  art  and  Greek 
letters  were  brought  back  to  light  and  revived  among  the  people.  Yet 
this  is  really  no  answer.  For  the  question  must  further  be  asked  : 
why  should  a  few  statues  unearthed,  coming  from  an  age  remote  in 
antiquity,  commend  themselveB  so  strongly  to  the  taste  of  a  later  age 


*  Til  is  address  is  written  fitim  memory,  as  nsirly  &$  possible  in  tho  form  in 
wbioli  it  was  duUverod.  Id  a  fuw  iT]>atftrl^^es  points  that  could  onlj  be  mentioD^ 
in  the  adflrcHS  have  been  eliffhtly  amplified  In  writioc.  This  ia  a  preliminary 
pabliisation,  witlirjut  illtistrationB  and  notes,  of  a  work  whit^  th©  vrriter  boptsa 
aome  d^j  to  publiah  in  ii  more  complete  form. 
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tiritig  under  different  conditioDS,  as  to  fiUi>er8cdo  the  prevailing 
canons?  and  whj  should  such  an  "  ancient  innoYatioa"  not  dio  aa  a 
paadng  £eishioa,  but  preTail  md  persist  in  its  inflaetKSd  for  oentiiriei  ? 

The  reasons  for  this  are  not  to  h&  found  in  historical  aoddant ; 
bat  mii6t  \m  sought  in  the  efiseuttal  nature  of  Gret^k  art  iteclf,  in  tho^ 
elemento  inherent  in  the  art  which  give  it  the  power  of  persisting  and 
&t  rctaioiDg  its  v^ditj  for  all  ages  and  countries. 

Two  words,  the  weight  of  which  I  cannot  hope  to  csonvey  in  this 
short  address,  contain  in  their  combination  the  essential  and  dia- 
tinctiTe  characteristicB  of  Greek  art*  It  is  the  combination  of  Natnro 
and  the  Ideal. 

Greek  art  has  persieted  in  its  influence  down  to  our  tlmo,  becanea 
the  artist  clung  t4>  nature  and  followed  her  as  a  kind  mother,  and 
mature  practically  romains  the  same  throughout  all  ages.  Bjzantine, 
uot  to  speak  of  Egyptian  and  early  Oriental,  art  have  not  done  this. 
The  typos  of  Byzantine  art  are  conYentional  abstractions  from  nature ; 
a  work  of  Greek  art,  however  ideal*  is  instinct  with  nature. 

But  the  persistcDt  influence  of  Greek  art  is  not  wholly  duo  to  the 
fiict  that  it  was  naturalistic ;  it  is  due  above  all  to  another  qu  ility 
of  primary  importance,  namely,  that  it  was  ideal,  that  it  idoaliBcd 
nature.  The  ideal  in  art  is  the  highest  generaliBation  of  form^  In 
Greek  art  it  was  the  highest  generalisation  of  the  forms  in  nature. 
The  works  of  Greek  art  are  therefore  not  dependent  for  appreciation 
upon  the  individual  spectator  or  one  special  mood  of  the  individual, 
but  are  vaHd  for  all  sane  men,  all  men  of  a  certain  physiological  oon- 
i^tntion  of  their  senseSf  surrouudcHl  by  man  and  nature  relatively  the 
same.  The  works  of  the  early  Flemish  and  German  masters,  and 
CTCD  of  some  of  the  Eranacha  and  of  Albert  Diirer,  are  replete  with 
nature,  yet  are  often  wanting  in  the  ideal  elements  which  raise  the 
artist  above  the  individual  model  into  the  realms  of  the  most  perfect 
idetJ  typos. 

Nei&er  Nature  alone  nor  the  Ideal  alone  can  make  art  lasting  in 
its  influence  over  different  pe*vples  and  ages ;  it  is  only  io  the  com- 
bisation  of  the  two,  in  nature  idealisodi  that  this  persistent  qaaHty  of 
art  can  be  found.  Yet  Greek  art  was  not  always  character isad  by 
the  combination  of  these  two  elements. 

Wo  naturally  incline  to  forget  the  early  elementary  stages  of 
flings  great  and  perfect*  Nay,  we  are  inclined  to  believe  that  they 
new  were  humble  and  lowly,  never  grew  from  the  smiiller  and  lower 
to  tbd  great  and  high.  ThuB  the  early  childhood  of  Greek  art  is  not 
widely  knowa^  Still,  there  was  a  period  when  Greek  art  was  not 
possessed  of  nature.  We  may  further  generalise  and  say,  that  art 
neTer  ifl  poaeeaaed  of  nature  in  its  earliest  stages.  It  has  often 
been  stated  that  the  origin  of  art  is  to  be  found  in  the  imitative 
instinct  of  man.  This  experience  shows  to  bo  utterly  untrue.  It  is 
rmlly  tci  bo  found  in  man^s  active  nature,  in  his  creative  instinct, 
which  often  drives  him  to  seek  for  what  is  opposed  to  nature  as  she 
imenle  herself  to  him  day  by  day,  for  rhyme  as  opposed  to  prose,  for 
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harmony  of  tones  as  oppoeed  to  confusion  of  sound,  for  compoaition  of 
thoughts,  things  and  forms  as  oppoeod  to  Laphazard  colloeation  of 
thinga.  Chilriren,  when  set  to  draw  a  refd  house »  will  not  imitate 
what  they  seo  bofifr©  them,  hut  will  return  to  the  weii-kaown  schematic 
form  which  we  have  all  drawn,  and  which  chililreu  in  aU.  coun trios 
have  drawn  ami  will  draw.  It  ib  at  a  far  later  stage  that  man  learns 
to  render  exactly  what  he  sees  before)  him  and  to  follow  and  imitate 
nature. 

Tho  childhood  of  Greek  art  ahows  the  Bame  characteristics  which 
mark  the  early  artistio  attempts  of  children.  The  works  helongiug 
to  what  is  called  tho  Archaic  period  (roughly  speaking,  the  works 
previous  to  the  fifth  century  before  our  era)  aU  exhihit  a  cunvontional 
troatmejjt  which,  when  compared  with  the  treatment  of  the  works 
of  the  fifth  and  £ubBequent  centuries,  betokena  a  complete  inability 
to  render  freely  and  accurately  the  forms  of  nature.  How  then  was 
tho  stop  from  this  imporfoction  to  the  highest  perfection  made  ? 

Tho  causes  which  brought  about  this  advance  are  numerous.  In 
studying  the  history  of  early  Greek  art  wo  am  disoeru  the  followiEg 
moving  powers  which  accoimt  for  the  course  it  took  and  its  slow  or 
rapid  progress.  As  a  primum  movens  there  was  the  creative  instinct 
of  man  just  alluded  to.  If  this  were  the  only  moving  power,  un- 
affected by  BTirroundiug  circumstances,  unmodified  in  its  course  and 
pifogxfiffli  by  other  active  currents,  the  attempts  of  the  later  genera^ 
tionB  who  start  with  the  results  attained  by  tlieir  predecessors  liefore 
them  and  the  experience  gained  by  much  struggle  transmitted  to 
them  would  show  a  constant  advance  upon  the  work  of  their  fathers. 
But  life  does  not  present  so  simple  a  progression.  There  are  other 
currentB  which  either  retard  or  aocelorato  progross.  Amoiig  tbosia-4| 
we  notice  as  a  retarding  side-current  the  law  of  inertia,  which  applies  " 
to  man  as  it  docs  to  natitre«  In  tbis  ca^e  it  means  the  force  of  habit 
and  custom  whicb  leads  men  more  or  less  volunt^^rily  tw  resist  the 
acceptance  of  new  foims  differing  from  those  which  they  have  learnt 
to  admire,  and  which  they  associate  with  things  highly  esteemed- 
This  conservatism  extern ds  not  only  to  the  appreiiiation  of  form  but 
also  to  the  older  traditions  of  handling  tho  material  which  we  often 
see  survive  in  cases  where  a  new  material  suggested  and  required  a  new 
handling. 

As  a  side  current  which  accelerated  the  progress  of  Greek  art 
towards  freedom  in  the  rendering  of  nature  we  notice  among  others, 
that  certain  changeB  in  the  political  life  of  tho  ancients  favoured  tho 
free  development  of  art.  Such  were  the  accession  to  power  of 
splendour-loving  princes  like  Polykrates  of  Samos,  Hieron  of  Syxa- 
euse,  and,  above  all,  Pcisistratos  and  tho  Peieistratidffi  of  Athens,  Tho 
most  important  political  event  was  tho  Persian  war  and  the  wealth 
and  glory  it  brought  to  the  Greeks,  We  must  fartlier  notico 
the  important  inflaence  which  technical  inventions  exercised  npun 
the  development  of  art,  as  the  invention  of  the  eawing  of  marble 
by  Melas  of  Chios  and  hi»  school » \vhioh  fr@od  tho  oarly  wood-carver 
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horn  the  restrictioDB  of  a  ronnd  stem  of  a  tree  narrowly  circumecribed 
in  its  dimeniKioiis,  The  art  of  eoldering  iron,  diBcovorod  hj  Olaukog 
of  ChioB,  whicli  gave  fiimilar  freedom  to  the  metal-worker,  and,  above 

the  invenlioD  uf  the  casting  of  bronze  by  Rhoikos  and  ThoodoroB, 
which  enabled  the  Bculptor  to  bring  his  finished  etatoe  closer  to  bis 
own  clay  model,  reacted  upon  the  ait  of  modelling  and  did  much  to 
free  art  from  its  coDventional  trammels* 

Again,  the  influence  of  kindred, nrta  njion  one  onothor  advanced 
each  one  in  tnm*  So  arehitecttire  advanced  aenlpture  in  forcing  the 
sculptor  to  give  freedom  of  movement  and  variednega  of  attitnde  to 
his  tigoies,  prescribing  to  him  a  limited  spnce  which  he  hod  to  fill 
with  his  fignres,  A  triangtilar  pediment,  high  in  the  middle  and 
low  at  the  angles,  waa  filled  in  ttie  earliest  art  by  quaint  figures 
that  grew  smaller  and  smaller  in  dimension  as  they  approached  the 
SDgles.  In  order  to  avoid  this-  abBurdityf  the  sculptor,  whilo  placing 
%aree  *^roct  in  the  centre,  was  forced  to  vary  the  attitudes  from  a 
alight  inclination  down  to  a  compltit^ly  reciining  posture  in  the 
angles,  and  thus  learned  to  rcpreeent  figures  with  freedom  of  move- 
meoL  The  infiuence  of  scnlptnre  upon  painting  and  of  palntiDg  upon 
BGitlptnro  furnishes  us  with  refiexious  which  coold  hardly  bo  dealt 
with  thoroughly  in  only  one  addrtiss. 

But  of  all  causes  which  led  the  conventional  early  artist  to  nature, 
by  far  the  most  effective  was  the  influence  of  the  athletic  games  and 
the  palaestra,  which  furms  the  subject  of  this  address. 

We  shall  boo  then,  first,  how  the  palestra  led  Greek  artists  to 
natore,  and  secondly,  how  it  Icvi  them  away  from  nature  to  the  ideal, 
or  rather,  through  nature  to  the  ideal. 

It  hoja  often  been  said  that  a  question  clearly  put  is  half  the 
answer.  In  the  present  ease  to  appreciate  the  infineoce  of  the  paliestra 
npon  the  development  of  Greek  art  we  must  resolve  the  question 
into  three  definite  ones,  which  will  all  tend  to  explain  the  infiuenoe 
exensised  by  the  athletic  games.  At  the  sanio  time  these  questions, 
if  answered,  will  account  for  the  peculiar  rapidity  of  the  atlvance 
tnade  during  a  relatively  short  period  of  Greek  art  from  couventioual 
anhaism  to  free  naturalism  and  idealism,  a  fact,  which,  it  appears  to 
me,  baa  heretofore  not  been  satisfactorily  explained. 

Itit,  If  we  study  the  Homeric  poems  so  far  as  they  are  concerned 
with  plastic  art^  we  must  feel  that  they  manifest  the  highest  feeling 
for  nature  and  freedom  of  execution  in  the  rendering  of  the  human 
fonn.  This  has  already  been  felt  with  regard  to  the  description e  of 
the  works  of  art  the  poet  saw  in  hia  mind  s  eye  and  described  as  if 
ftsalty  existing.  But  it  api>ears  U*  me  that  the  moBt  important  side  of 
Ibe  artistiu  feeling  in  the  Homeric  }>oemB  is  to  bo  found  in  the  de- 
scription of  goda  and  heroes,  and,  more  especially,  in  the  sensuous 
description  of  the  warriors  in  action  and  the  careful  study  of  the 
an&tiimy  of  the  human  figure  ait  shown  by  the  aooount  of  the  wounded 
and  fulling  heroes.  In  Homer's  picture  of  a  spear-hurling  warrior, 
w<3  have  btsforo  our  mind's  eye  the  perfuet  statue  of  a  H[K;ar-thrower ; 
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when  the  hero  seizes  a  rock,  w©  h^vo  before  tie  a  distoboloe;  ^hea 
with  *'  loosened  kneee"  the  womided.  combatant  sinliB  to  the  gromid, 
w©  see  a  figure  frotn  the  Mgm&  pediment  or  a  dying  Lapith  or  Gftul. 
Now,  with  such  feeling  for  form,  such  definite  conception  of  what  is 
Bculpturesque,  bo  clear  a  notion  of  the  parts  of  the  hrniaan  bodj,  the 
step  to  the  actual  eicecution  in  the  sculptors  material  is  but  a  small 
one*  People  posseBscd  of  such  sense  for  plastic  composition  cannot 
remain  content  with  mere  fiymbolical  natureless  art,  and  tlie  technic^ 
means  of  eipreasing  their  inner  wants  ftr©  a  matter  attained  witli 
comparative  ease.  Yet  the  fact  remains  that  even  for  centuries  after 
Homer  thus  manifcBted  hie  sense  for  what  is  sculpturesquo  in  nature 
the  extant  statues  are  stiff  and  conventional  and  do  not  manifest  even 
approximately  the  feeling  for  nature  which  we  find  in  these  early 

2nd.  If  we  examine  the  earliest  monuments  which  we  may 
attribute  to  the  eighth  century,  and  compare  them  with  those  belong- 
ing to  the  middle  of  the  sixth  century,  we  find  that  they  are  com- 
paratively on  the  same  level  of  imperfection  as  regards  their  want  of 
freedom  and  nature,  and  we  must  be  struck  by  the  relatively  small 
advance  made  in  two  centuries. 

3rd.  NoWj  with  this  hardly  noticeable  decrease  in  fltiffiiess  and 
conventionality  during  centuries,  we  must  be  struck  by  the  singular 
phenomenon  that  the  advance  from  the  imperfect  and  unBaturalistie 
to  the  most  perfect  freedom  in  the  rendering  of  the  forms  of  nature 
takes  place  witliin  a  period  of  fifty  yearB,  from  about  510  b.o.  to  460  b.o. 
Witliin  thia  nhort  span  of  time  the  gulf  which  separates  some  of 
the  stiif  statues  like  the  Apollo  of  Tenea  from  the  Diskoholos  of 
Myron,  some  of  the  lifeless  seated  figures  of  the  Branchidie  from  the 
early  works  of  Pheidiss,  is  overleapt.  How  could  fifty  years  create 
BO  great  a  change  as  is  shown  by  the  compariBon  of  the  Apollo  of 
Tenea,  devoid  of  nature,  with  the  Diskoboloa  of  Myron,  who  is  breath- 
ing  with  life  9  Other  works  of  Myron  are  described  by  ancient  authors 
as  true  to  nature  even  to  deception.  The  statue  of  the  runner  Ladas 
is  called  breathing  with  life  (cftirvov^) ;  the  runner  seemedj  it  is  said, 
with  his  last  breath,  to  jump  from  his  pedestal  to  grasp  the  Tictor*B 
wreath.  Centuries  after  Homer  had  in  his  written  descriptions  mani- 
fested Buch  a  keen  sense  for  nature  in  the  rendering  of  the  human 
form,  works  as  conventional  as  the  Apollo  of  Tenea  were  produced, 
differing  but  slightly  in  their  lack  of  naturalism  from  the  Apollos 
of  160  years  before.  Fifty  years  sufficed  to  produce  all  the  freedom 
and  nature  in  conception  and  execution  of  sculpture,  which  we  can 
estimate  when  comparing  the  Diskobolos  of  Myron  with  the  Apollo 
of  Tenea.  "  How  can  this  be  accounted  for  ?  **  is  the  question  to  be 
answered. 

The  explanation  which  has  until  now  been  gi?en,  is  that  the 
Perfiian  wars  and  the  Greek  victories  protlnced  a  favourable  change 
in  the  life  of  the  whole  Greek  people,  political,  i-eligious,  and  intel- 
lectual,  and  alio  freed  art  from  its  conventional  trammels.  Now, 


tlicfre  can  be  no  donbt  as  to  the  important  influenoo  wbioh  the 
Persian  victories  had  upon  the  development  of  Gr^jek  art.  Yet  I  have 
always  felt  tliat  while  it  to  a  gi*cat  exteot  eiplamed  the  loftincaa 
and  greatness  of  character  which  marks  the  art  of  tho  ago  of 
Pericles,  it  does  not  sufficiently  explain  the  definite  advance  made  in 
art  from  more  ahsitract  conventionality  down  to  nature.  Moreover  it 
took  gome  time  before  the  great  spirit  bred  by  the  heroic  efforte  of 
the  PerBian  wars  had  bo  fur  trauBfuBed  the  whole  nature  of  the  people 
aa  to  impress  its  spint  u|ion  ao  special  a  manifestation  of  the  human 
mind  as  art.  And  so  it  ie  not  until  the  great  works  of  Pheidias 
which  group  round  the  year  iSO  B.o.  that  this  spirit  is  exhibited  in 
art ;  while  the  actual  advance  from  conventional  archaism  to  freedom 
and  nature  takes  place  in  the  years  tiume<l lately  preceding  and 
fullowing  the  Persian  wars.  The  really  efficient  cause  of  this 
rapid  development  Can  therefore  not  be  fonnd  in  the  influence  of 
the  Peman  war^,  but  lie»  in  the  growth  of  athletic  games  and  the 
systematic  development  of  the  palfestra^  especially  when  these  are 
bconght  into  an  immediate  relation  to  art. 

Why  Greek  art  should  not  have  advanced  more  rapidly  towardB 
nature  during  the  centuries  preceding  the  "  period  of  transition/*  is 
explained  by  one  simple  fact,  namely,  that  before  this  time  the 
italue^  were  almost  exclusively  religious.  The  early  wooden  Btatuos, 
the  foam,  were  statues  of  gods  forming  an  im|Mjrtaut  part  of  religious 
worship.  The  tendency  of  religious  worship  is  naturally  conservative. 
The  very  earliest  images  of  the  iconic  period  *  were  necessarily  rude. 
The  more  remote  the  ago  of  such  on  image^  tho  greater  tlie  mystery 
attached  to  it,  the  greater  its  religious  weight.  The  earliest  statues 
were  considered  by  the  Greeks  to  have  fallen  from  heaven  (hoTrir^), 
The  more  a  statue  was  like  these  holy  early  images,  the  greater  its 
fiuietity,  and  thus  there  would  be  a  natural  tondeDcy  to  repeat  the 
earlier  types.  Nay,  even  later,  when  freedom  and  nature  had  gained 
their  sway  over  art,  tlie  gods,  when  grouped  with  heroes,  are  mor© 
oonventional  in  treatment  than  the  less  divine  beings*  The  same 
holds  good  in  all  periodic  of  art.  I  need  hot  remind  you  of  the 
tolommty,  bordering  on  severity,  of  the  religious  pictures  of  Bellini 
ii  eompared  with  the  perfect  freedom  of  conception  and  execution 
BiMiliiBflted  in  his  small  pictures  with  classical  subjects  in  the 
AoAdemy  at  Venice.  So  long  as  the  sculptor's  ai^t  is  entirely  in  the 
■erriee  of  religions  worship,  there  is  small  chance  of  its  forcing  its&lf 
from  conventional  imperfections.  To  bo  brouglit  down  to  nature  the 
sculptor  must  bo  brought  doiim  from  the  goils,  face  to  face  with 
man,  and  then  be  may  reconstruct  his  gods  out  of  the  ideal  cunibina- 
lioa  of  the  most  }>erfoct  forma  which  he  has  studie^l  in  man^  hut  has 
never  found  together  in  one  man. 

In  the  first  pl»ce  the  iKtliestra  led  the  Greek  artist  down  to  man. 


*  There  ww  %n  antc^ic  period  of  Gfeek  religion  in  which  gtidfi  urere  wor- 
•bipptd,  not  (u  netunl  tnutgea,  but  in  objci^ta  and  looaJitioa  of  uature,  imd  in 
^fmooUeat  strocturea  iiiggcstmtf  human  form. 
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It  waii  Lcro  tlmt  tte  Greek  people  and  tlie  Greek  artist  Inwi  their 
fatiling  for  the  liiiinau  forrOj  ita  mauifestatioiis  of  etrengtli  and  perfect 
proportion,  aroused  and  developed.  In  the  atLIettc  gfitnos,  to  which  a 
luoral,  nay  OTen  a  religious  importance  wae  attached^  Tictory,  which 
brought  glory  to  the  victor  and  was  the  pride  of  his  commmiity,  waa 
based  upon  the  perfection  of  the  hrnnan  body,  the  force  and  normal 
development  of  ftU  the  organs,  flexibility  and  dexterity  of  movement, 
which  the  early  artist  failed  to  render  in  bis  etatueB,  and  with 
regard  to  which  tho  sense  of  the  public  at  large  sec-med  compara- 
tively blunt.  It  was  here,  with  hundreds  of  uude  youths,  not  only 
wrestling,  jumping,  and  running,  but  endcaYuuring  by  systematio 
practice  to  remedy  any  defect  or  abnonuality  in  any  one  limb  or 
organ,  that  the  artist  day  by  day  etudied  his  anatomy  of  the  human 
figure  without  the  need  of  entering  the  diesectiiig-room  or  calling  in 
the  help  of  the  anatomist.  And  when  onee  the  artist  was  called 
upon  to  commemorate  by  means  of  his  art  the  outward  form  of  the 
athlete  vvhofio  jjerfect  development  gained  him  the  glory  of  victory 
and  monumental  fame,  we  can  then  see  how  the  sculptor  was  led 
away  from  the  conventional  arclmic  ^pes  of  gods  down  to  nature  in 
living,  active,  and  well-formed  man. 

All  thie  more  or  less  a  priori  reasoning  makes  it  most  probable 
that  the  palaestra  was  the  most  important  agent  in  bringing  Greek 
art  down  to  nature  in  the  fifty  years  marking  the  "  period  of  trans- 
ition." An  actual  examination  of  the  facts  and  a  careful  study  of 
Greek  art  with  this  question  before  the  mind,  give  the  most  conclusive 
evidence  of  the  supreme  influence  exercised  by  the  games  and  the 
palaestra.  I  cannot  hope  in  this  short  address  to  place  before  you  aU 
the  instances  hearing  upon  this  subject  which  I  have  collected  for  the 
last  four  years^  and  which  have  shown  me  conclusivtdy  that  wo  musi 
aecrilje  to  the  paltestra  the  chief  influence  in  freeing  Greek  art  from 
its  conventional  trammels.  On  the  other  hand  I  do  not  mean  to 
appeal  to  your  faith  in  my  personal  statement ;  but  I  believe  that  the 
instances  which  I  am  able  to  place  before  yott  in  diagrams  and  casts 
will  suffice  to  illustrate  and  support  the  points  to  which  I  shall  draw 
your  attention.  Still  I  feel  bouud  to  inform  yon  that  the  choice  of 
these  special  instances  has  often  been  guided  by  mere  convenience 
and  readiness  of  access,  and  that  in  many  cases,  as  with  some  of  the 
vases,  the  diagrams  were  made  for  other  purposes ;  and  thus  it  cannot 
be  said  that  1  have  chosen  hut  a  few  instances  hap[)oning  to  prove 
my  generalisations. 

FroDi  the  most  general  point  of  view,  we  must  be  struck  by  the 
fact  that  the  Greeks,  the  one  people  in  antiquity  whose  art  is  possessed 
of  nature,  were  also  the  one  people  with  whom  athletic  games  were 
a  natiunal  institution,  wide  spread  and  part  of  daily  life,  I  have 
endeavoured  to  show  elBcwhere  how  this  fact  as  well  as  the  plastic 
predisposition  of  the  Greek  race  was  a  necessary  outcome  of  the 
fundamental  characteristies  of  the  i^e  and  their  physicid  and  social 
surroundingB,  and  to  point  out  that  Oriental  nations  and  those  living 
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to  a  tropical  or  northom  clim&te  could  not  develop  tbo  samo  cTiarao- 
teristicsw  We  must  at  least  note  the  fact  tliat  tbe  two  diBtinctive 
alementB  of  Greek  life,  a  high  development  of  atliletic  inBtitutioas  and 
of  natnraligm  in  plastic  art,  »r6  found  together. 

But  what  tends  uaore  dircjctlj  to  show  the  immediate  influene© 
of  the  athletic  gainee  and  to  solv^  thet  inam  quefition  we  have  placed 
before  ns,  is  tlje  fact  that  the  fifty  years  which  mark  the  transition 
from  C5011  vent  ion  ality  to  freedom  and  nature  in  art  arc  also  the  years 
in  which  tlie  athletic  games  hocame  really  elevated  to  the  important 
position  which  they  occupy  in  our  mind,  and  which  thoy  did  not 
always  hold  ^  that  in  this  period  the  police tna  or  athletic  ficbools 
became  real  national  institutions,  thoroughly  organised  all  o?cr 
Greece. 

As  with  art  and  most  higher  manifcfitations  of  human  thought  and 
colttm>,  the  early  stagea  are  almoiit  always  essentially  religious  in 
character,  so  the  athletic  games  in  earlier  times  were  either  asso- 
ciated with  some  worship  of  god  or  hero  or  were  part  of  tho  funeral 
ceremony,  thus  partaking  of  an  essentially  religious  character. 
Towards  the  close  of  the  sixth  century  tho  great  garaos,  such  m 
those  of  Olympia,  partake  more  and  more  of  a  national  and  political 
duuncten  They  become  the  central  point  of  peaceful  union  for  all 
Qvmk  states.  The  increase  of  their  national  importance  sprang 
the  growth  of  the  feeling  of  Panhellenic  unity  which  pre- 
ceded the  Persian  wars ;  yet  they  no  doubt  reacted  strongly  upon 
thu  feeling,  and  served  to  bring  together  the  people  of  the  mrions 
rtfttea,  and  to  make  them  feel  the  common  bands  which  bound  them 
together.  The  piiHtical  importance  of  the  great  gamee^  especially  those 
of  Olympia,  can  hardly  be  over-estimated.  This  political  importance 
wan^  no  doubt,  felt  by  Pcisietratos,  who,  along  with  Pericles,  was  tho 
greatest  of  Athenian  statesmen^  He  appears  to  me  to  have  foreseen 
the  greatness  of  tho  future  of  Greece,  and  above  all,  of  Athens.  On  the 
model  of  the  Olympian  gamea  he  revived  the  Alheman  games,  and  as 
there  he  tiaced  the  growth  of  Panhellemc  feeling,  so  here  he  wished 
to  creftie  a  real  Panathenaic  feeling.  He  added  new  games  to  the 
old  oiie%  gave  greater  splendour  to  them,  and!,  as  the  Olympic  games 
recurred  at  periods  of  four  years,  determining  ihe  oomputatiun  of  time 
for  the  whole  of  (trcece,  eo  he  introduced  the  Greater  Panathenaio, 
recnrring  every  four  years  and  determining  the  computation  of  time  for 
Athens.  It  is  a  noteworthy  fact  tlint  every  great  political  leader  in 
Athenii  markotl  his  political  activity  by  some  addition  to  the  I'anatheiiaio 
Isctifal.  After  Peigit^tratos,  with  the  Feisifitratidic  and  with  P&ricltja, 
the  games  further  enriched  and  obtained  &till  greater  influence. 
FnrtbemiOTe,  we  must  attach  the  greatest  importance  to  the  develop- 
aMot  ol  the  paJsestrffi  or  athletic  schools  during  this  period.  By 
dogfues  these  institutions  are  establi£»hed  or  rendered  more  systematio 
in  their  organisation  throughout  the  whole  of  Greece,  and  become  tho 
lichnole  for  tho  physical  training  of  the  Greek  youth  destined  to 
pnTvido  strong  and  active  warriors  to  duknd  their  native  counti-y. 
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Nftjj  they  become  Ibo  liume  for  geuoral  education,  where  eveo  in- 
tellectual training  ib  carried  on,  nnd  tho  philosophers  form  their 
circles  of  eager  loamors.  As  I  have  Baid  before,  it  is  hero  that  tbo 
artists  stiK^ied  the  human  form  in  rest  and  action.  It  is  here  that 
the  Bystematic  tmining  of  each  organ  of  the  human  body  broaght 
homo  to  them  the  plastio  anatomy  of  man,  and  that  in  tho  a-Kiu^ajf^Lo^  in 
which  the  Tarious  stages  of  each  game  were  gone  through,  the  sculptor 
hiid  impressed  upon  hifl  eye  in  living  statues  the  typical  attitudes  of 
each  game. 

A  still  more  direct  proof  is  to  be  found  in  the  fact  that  in  this 
period  the  castom  aroso  of  commemorating  atldetie  victoricts  by 
statues.  And  now,  as  I  have  said  above,  the  sculptor  ie  brought 
face  to  face  with  man,  aud  must  bend  his  art  and  craft  to  the  service 
uf  actual  nature.  According  to  Pausanias  the  firnt  statuos  set  up  to 
athletic  victors  were  those  of  Praiidamas  and  of  Rheiibios,  who  were 
Tictora  in  the  fifty-ninth  aud  sixty-first  Olympiads^  that  is,  alx»ut 
530  11.0,  They  were  of  wood,  and,  according  to  his  description  of  the 
one  to  Arrliachiou,  were  very  similar  to  the  statue  of  the  Apollo  of 
Teuca.  The  influence  of  the  palEestra  aud  the  introduction  of  tho 
custom  of  erecting  statuofl  to  victors  did  not  take  imme^llate  effect,  or 
at  once  convert  imperfect  art  to  a  state  of  perfect  ton,  but  it  was  inch 
by  inch  that  conTeutionality  strove  to  maintain  its  ground,  and  step 
by  step  that  art  advanced  towards  nature  within  this  comparatively 
short  period  of  fifty  years.  So  wo  can  see  in  the  extant  statues  tha 
gradual  growth  of  freedom  and  the  falling  away  of  the  urchaio 
fdttora.  In  these  three  instances  we  have  the  chief  stages  of  this 
progress.  In  the  Apollo  of  Tenea  at  Munich,  in  attitude,  in 
the  composition  of  tlie  parts  of  the  body  and  in  the  modelling  of 
the  surface,  we  have  hardness  and  woodenness  far  removed  from 
tho  actual  appeaiunce  of  tho  living  organ imu.  In  tbo  so-called 
Strafigford  Apollo/'  in  the  British  Museum,  in  whom  I  see  an 
athlete  helonging  to  the  school  of  jEgina,  w©  have  a  great  advance 
iu  tho  direction  of  nature.  Though  tho  attitndo  is  still  conventional, 
the  feet  placed  one  hefore  the  other,  the  arms  pinned  to  the  sides,  the 
head  straight  forward  at  right  angles  to  tho  chest,  the  limbs  seera 
joineil  more  orgimically  to  the  body,  and,  above  all,  the  jaurface  is 
modelled  so  as  to  present  a  continuous  rise  and  fall,  not  an  abrupt 
Bnceeseion  of  ridgefl  put  together,  and  to  suggest  the  various  organs 
which  it  covers.  Still,  though  the  growing  feeling  and  desire  for 
rendering  nature  is  manifest  in  this  work,  we  notice  a  struggle  in 
overcoming  the  difficulties  presented  by  the  material.  Tho  traces  of 
conventionality  are  hut  very  slight  in  this  third  statue,  the  Choiseul- 
Gouffier  Pugilist,  formerly  known  as  an  Apollo,  This  work  is  most 
probably  the  work  of  Pythagoras  of  Rhegion,  a  sculptor  who  stcMxl 
on  the  very  border  line  between  dying  archaism  and  tho  vigorous  life  of 
fierce  naturalistic  art.  Here  freedom  i&  given  to  tho  attitude  (a  typical 
one  in  a  certain  stage  of  boiing) :  the  athloto  resta  upon  ono  leg  more 
than  upon  the  other,  the  arms  arc  freoly  o£ tended,  aud,  above  all,  the 
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Forfiice  is  tnodclled  with  a  perfectitiB  whicli  progents  most  Tivtdly  tlie 
flexibility  of  the  hnTnan  skin  and  the  cliaugo  of  surface  as  it  covers 
orf!&DS  of  different  form  and  texture.  Finally,  in  the  Difikobolos  of 
MyroD  we  have  fall  est  freedom  of  attitude  ia  the  indication  of  actWe 
life  and  in  the  modelling  of  the  surface.  The  artietd  had  to  exorcise 
their  power  of  rendering  the  life  of  nature  in  many  an  athloto  statue 
before  they  gained  the  full  benefit  of  the  growing  influcBce  of  the 
palseatra.  It  was  chiefly  in  the  schools  of  ^gina  and  Argos  that 
thia  training  was  under  gone.  If  we  bnt  bear  in  mind  that,  before 
th©  year  ^30,  statues  were  only  of  gods  and  there  existed  none  of 
athletes,  and  compare  the  enormous  preponderance  of  athlete  statues 
(jirer  those  of  divinities  with  the  ficnlptors  of  Argos  like  Ageladas,  of 
^gina  like  Kullon  and  Onatas,  of  Athens  like  Myron,  we  can  realise 
the  actual  influence  which  the  growth  of  athletic  inBtitutions  had 
upon  art.  I  would  bog  you  to  connect  in  mind  with  what  we  shall 
learn  concerning  the  ideal  period  which  followed  this  step  down  to 
nature  the  fact  that  after  this  period  of  transition,  espticially  with  the 
great  arti&ts  of  the  Attic  schools,  there  was  no  each  propondGranee  of 
athlete  statues  over  those  representing  mythological  subjects. 

Finally,  in  carefully  studying  the  extant  ancient  monnments,  we 
realise  the  great  and  direct  influence  of  athletic  games,  while  at  the 
same  time  we  explain  a  fact  in  the  early  Greek  which  has  often  been 
noticed,  and  never,  to  my  knowledge,  satisfnctorily  explained.  It  is 
the  fact  that,  down  to  the  time  of  Pheitlius,  the  treatment  of  the  nude 
male  figure  far  surpasses  in  perfection  the  rendering  of  the  head, 
which  is  hard,  lifeless,  and  conventional.  This  shows  that  the  body 
engrossed  the  nrtisitlQ  interest  and  attention  of  the  sculpt ors,  that  this 
appreciation  of  the  human  body  is  to  be  attributed  to  the  engrossing 
intc^rest  of  the  athletic  games,  and  that  the  paliestra  was  the  real 
Bchool  for  the  scalptor.  Look  at  the  feeling  for  nature  iu  the  lK>dy 
of  this  "  Strangford  Apollo,"  and  compare  with  it  the  life lessn ess  of 
the  head.  You  must  be  struck  by  the  exceedingly  careful  rendering 
of  the  human  stractnre^liinbs,  muscles,  sinewa,  and  surface — in  the 
fignree  from  this  pediment  of  the  temple  of  Athene  at  ^gina  ;  then 
oompare  with  it  the  lifeless  conventionality  of  the  hcatls.  In  the 
BKtDe  way  it  is  the  influence  of  the  paleestra,  which,  arousing  the 
mleieat  in  the  male  human  flgnre,  and  giving  the  sculptor  tho 
power  of  rendexing  it  with  truth  to  nature,  accounts  for  tho  inability 
finely  to  render  the  female  figm-Cj  compared  with  the  great  skill 
with  which  the  male  fignre  is  represented  during  this  period.  Com- 
pare the  nnfle  warriftrH  from  this  same  pediment  with  the  Athene  in 
its  centre,  and  the  diflbrenco  will  be  most  manifest.  And,  thirdly, 
thia  supreme  iufluoDco  which  the  athletic  g^mes  exercised  upon 
aiiistic  feeling  and  upon  artistic  creation  is  shown  by  the  fact  that, 
while  dnring  this  period  the  modelling  of  the  nude  malo  figure  ia  so 
perfect^  the  modelling  of  drapery  is  still  in  its  elementary  stages ;  bo 
that  even  in  the  works  attribute!!  Ui  Kalamis,  the  older  contemporary 
uf  Phetdtas,  thu  modelling  of  the  drapery  is  comparatively  hard  and 
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eonTentional.  Still,  it  was  tlio  palsestra  thai  led  the  artist  down  to 
nature,  and  if  it  EiaturaUj  hi  above  all  in  tbe  nude  male  figure,  tlie 
central  task  is  still  accoinplished,  and  the  extension  of  this  attaimDont 
to  otlior  "  UDatlilc4ic  "  objects  is  a  necesBary  ecqaence.  For  it  is  a 
well-known  truth,  felt  by  all  artists,  tliat  whoever  has  tlio  power  of 
drawing  or  modelling  aectirat<?ly  and  with  truth  to  nature  a  trnde 
naale  figiiT©,  can  render  with  the  same  correctness  whataver  he  sees 
before  htm,  proTidod  it  engrosses  his  interest  and  occupies  his  atten- 
tion and  practice  for  some  short  time. 

We  have  now  seen  bow  the  first  great  task  in  the  development  of 
Greek  art  has  been  accomplished  chiefly  through  the  agency  and 
influence  of  athletic  games.  The  artist  bus  been  brought  from  con- 
ventionality and  tbe  abstract  symbols  of  gods  down  to  nature  and 
man.  The  next  great  task,  as  we  have  before  pat  it,  is  to  lead  the 
artist  away  from  nature,  through  nature  to  the  ideal.  There  really 
was  some  clangor  that  Greek  art  would  not  rise  higher  than  the  mere 
accurate  rendering  of  nature,  which  would  lead  to  estrenie  realism, 
and,  through  tbe  final  stage  of  overdone  technical  skill,  to  a  speedy 
degeneration.  In  Myron  there  is  evidence  of  this  danger.  His 
statues,  such  as  that  of  the  famous  cow,  were  praised  for  their  eitremo 
realism  almost  leading  to  deception ;  aJid  in  the  excessive  movement 
which  be  put  into  some  of  his  statues,  such  as  that  of  the  Diskobolos, 
even  according  to  the  testimony  of  the  ancients,  there  was  an  element 
of  sensationalism  which,  if  it  bad  swayed  Greek  art,  would  have  led 
to  a  rapid  decline.  In  order  that  Greek  art  should  over  reach  the 
height  which  it  actually  did,  and  which,  aa  I  pointc-d  out  to  you  at 
the  beginning,  is  the  cause  of  its  persiistency  of  influence  even  down 
to  our  own  timcsj  it  must  odd  the  ideal  to  nature  gained — establish 
the  naturtd  ideal  of  the  human  form. 

There  can  be  no  doubt  that  in  the  fulfilment  of  this  second  great 
purpose  the  heroic  spirit  of  the  past  Persian  wars  and  the  enligbten- 
roent  and  culture  of  the  Periclean  age  were  most  effective.  It  pre- 
disposed the  people  towards  the  appreciation  and  aecomplisbmont  of 
great  works,  raised  them  above  the  sphere  of  mere  individual  iutoreet 
into  that  of  great  common  purposes  and  aspirations,  gave  tbera  that 
cliaracteristie  feeling  for  width  and  grandeur,  the  real  and  most 
eloquent  expression  of  which  is  to  be  found  in  the  art  of  Phcidia«. 
Yet  in  a  more  direct  and  immediate  way  the  pala^gtra  was  again 
instrumental  in  leading  art  to  make  this  great  step. 

If  the  artist  has  been  led  to  appreciate  and  study  nature  and  to 
endeavour  to  render  it  accurately  in  bis  works,  this  may  lead  Lini  at 
last  to  imitate  most  minutt^ly  what  at  the  tinie  he  sees  before  him^ 
This  may  be  excellent  practice ;  but  it  wQl  never  create  great  art. 
For  the  individual  man  ia  imperfect,  and  the  rendering  of  those 
imperfect  fonna  will  not  satisfy  the  feeling  for  law,  order,  harmony* 
or  design  inlicrent  in  the  human  mind,  tbe  primary  impulse  to  all 
artistic  (jreation. 

The  palssstra  was  the  real  school  for  tho  Greek  artist ;  here  he 


epmt  hm  time  and  BtEdied  tho  human  form ;  but  not  only  in  indi- 
Tida&lB,  CoDitantiy  from  his  earliest  youtb,  day  by  day,  he  Lad 
before  bis  eye  numbers  of  well-built  youths  in  all  attitudes  and  all 
mctioQs,  and  these  senes  of  individual  forms  impreBsod  themselres 
apon  bis  mind  until  they  became  an  intrinsic  part  of  hie  visual 
memory  and  imagination,  forming*  as  it  wercj  an  alphabet  with  which 
he  could  create  at  will  tbiogs  of  great  and  new  meaning.  Just  as 
letters,  words,  and  grammar  bavo  become  to  us  elements  and  units  of 
thought  which  He  ready  to  be  composed,  without  effort,  as  far  as  they 
*r6  ooDcemed,  into  phrases,  sentonces,  periocls,  books,  poems  and 
orations  with  great  and  new  meaaing  and  perfect  form,  so  the  ex- 
isting hninaii  bodies  and  their  changes  in  various  attitudes  and  actions 
became  euch  elements  to  the  visual  and  imaginative  mind  of  the 
ancient  Greek  artist.  They  did  not  require  conscious  attention,  but 
became  the  parts  of  a  great  and  new  composition,  with  a  meaning 
and  spirit  as  a  whole,  lofty  and  high,  yet  over  intelligible,  heeatiso 
eomposed  of  these  elements  familiar  to  man  from  the  daily  suggestiou 
of  natujeu 

It  is  therefor©  that  the  human  foms  which  they  present  are  so 
perfect.  Turn  to  an  entirely  different  period  of  art  and  you  will 
notice  a  similar  phenomenon  having  similar  causes.  Northern 
renaissimce  pointing  and  sculpture,  which  possess  so  many  great 
chiuracteristics  of  their  own,  widely  differ  from  Italian  reuaiBsance 
art  in  that  their  renderings  of  the  nude  human  figure  are  devoid  of 
the  grace  and  harmony  which  those  of  the  Italians  posseBS  :  they  are 
to  a  greater  eitent  the  portraits  of  indivi duals  whose  bodies  were  not 
perfect  in  all  parts.  This  is  chiefly  to  be  attributed  to  the  fact  that 
in  the  southern  districts  partiul  nucLity  is  more  common,  and  from  an 
early  age  the  Italian  hae  more  than  the  German  or  the  Fleming  to 
BCMne  degree  reduced  the  individual  human  forms  to  an  alphabet,  and 
has  created  more  ideal  individuals  of  art.  Most  of  the  nude  subjects  in 
modem  works  of  art  are  really  studies,  and  not  pictures  or  statues. 
The  mudera  artist  depends  upon  his  one  model,  and  if  the  figure  be 
more  or  leaa  perfect  we  are  rather  inclined  to  praise  bim  for  his 
skill  or  luck  in  choosing  a  good  model  than  for  hia  ariistiG 
iaia|]riQfttion. 

This  feeling  for  perfection  of  form  which  the  Greek  artist 
gained  through  the  study  of  so  many  individual  instances  in  the 
palaestra  soon  became  conscious,  and  the  attempt  was  soon  made  to 
find  the  most  normal  proportions  of  the  human  figure  as  suggested  by 
the  pftljBstra.  The  generalisation  from  the  individuals  to  the  ideal 
lypQ  wtA  bridged  over  iu  the  paliestra  itself  by  certain  classes  or 
prooftQ  of  individuals  forming  types  of  their  own.  As  the  palieetra 
fonwiw  thoroughly  orgntiised  in  this  periodi  so  the  games  were  classi- 
ifid  tiid  i^stematised,  nil  joining  in  the  on©  groat  end  of  producing 
lite] thy  and  strong  youths  serviceable  to  the  state.  Thus  the  games 
were  snlxltvided  into  light  atid  heavy,  tcoi-cpw  and  ^pi'^,  having  their 
{Articular  type  and  fullest  roprcsentativos  in  certain  classes  of  men. 
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Ennning,  jnmping,  and  tlirowing  the  spear  wero  typically  light  gatoeft ; 
boxing  and  the  pankmtiiin  were  typically  heBvy.  The  pentatbloii 
etood  between  both,  and,  uniting  several  kinds  of  games,  had  for  its 
aim  the  pn>duetion  of  a  norinally  bnilt  agile  man.  Other  6ubdivifii*ms 
might  thus  bo  poiDted  out ;  but  they  tended  in  thomRolTes  to  drive 
the  artist  towards  the  eetabliehment  of  normal  tyjies  fijr  each  part 
of  the  body  and  for  the  proportioni*  of  tho  parts.  Thns  even  in  the 
early  period  at  the  beginning  of  the  fifth  contury,  Ageladaa  of  Argos, 
tho  teacher  of  MyroD,  Phoidias^  and  Polykleitfja,  wrote  a  treatifie  on 
the  proportions  of  the  human  figure.  Polyldeitos  of  Argos  and 
LysippoB  establiehed  a  canon  of  the  human  figure  of  whicli  we  hear 
that  the  one  was  square  and  mEissive,  tho  other  slimmer  and  lighter 
with  Bmallor  hmd*  We  mtist  not  losa  sight  of  the  fact  that  tbeee 
canons  of  perfect  human  proportions  were  not  at  once  represented  in 
an  Apollo  or  a  Hermes*  but  that  the  Doryphoros  and  the  Apoiyomenos 
are  athletic  statues.  Those  canons  have  been  identified  in  these  two 
octant  statues,  a  marble  copy  of  the  Doryphoma  of  Polykleitos  in  the 
National  Museum  at  Naples,  and  a  copy  of  the  Apoiyomenos  of 
liysippos  in  the  Brooeio  Nuovo  of  the  Vatican.  They  both  have  the 
characteristics  ascribed  to  theae  canons  by  ancient  authors* 

In  such  canons  and  ideal  types  we  are  raised  above  tho  Individual 
to  beings  higher  than  man.  Having  been  led  by  the  palrostra  down 
to  mau,  the  artist  can  now  riao  up  to  the  gods  with  a  new  ideal  of 
divine  form,  for  the  human  form  that  is  above  existing  man  in  ita 
perfection  and  still  is  possessed  of  human  qnalitiee  brings  the  artist 
face  to  face  with  the  figures  of  Greek  mythology. 

This  infiueace  which  Greek  athletic  art,  when  once  it  wan  esta* 
blished  in  all  its  truth  to  nature  and  ideal  breadth,  eiorted  npoa 
mythological  art,  is  most  clearly  shown  in  extant  monuments. 

It  is  really  only  after  the  jieriod  of  transition  that  the  types  of 
the  various  Greek  gods  ae  we  know  them  bocome  fixed  and  developed 
iti  art,  and  for  a  long  time  we  can  then  trace  the  immediatG  influence 
of  the  paleostra  in  these  statues  of  heroes  and  gods. 

After  Polyklettr^s  had  established  his  athletic  canon,  in  all  the 
works  attributed  to  him  and  his  school,  whether  athletes  or  gods,  nay, 
even  in  female  figures,  we  cah  see  the  characteristic  proportions  of 
the  Doryphoros  repeatefl.  In  later  times,  in  the  works  of  artiste 
that  ore  not  the  direct  offishoots  of  bia  school  wo  can  often  notice  tho 
influence  of  the  athletic  type  of  Polykleitos  retained  or  even  revived 
in  tho  figure  of  some  god  or  hero.  No  doubt  some  gods  and  some 
heroes  are  more  adapted  by  their  character  to  assume  the  form  of 
such  a  canon.  So  it  is  especially  gods  like  Area  and  herooa  like 
Herakles  that  from  their  nature  are  square  and  massive,  and  are  thus 
properly  represented  in  tho  form  of  the  '*<iundrata  signa"  of  Polykleitos. 
In  the  numerous  mythological  figures  manifesting  the  Polykleitan 
canon  that  have  come  to  my  notice,  there  have  been  instances  in 
which  I  at  firet  thought  they  were  athletes,  and  then  found  thoy  were 
mythological  figures  j  and  some  in  which,  for  example^  I  thought  the 
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fltatne  waa  a  Herakles  with  tlie  apple  of  the  Hefrperides  strongly 
representatiYe  of  the  Polyklcitau  tjpe^  and  then  found  that  it  was 
rally  an  athlete  with  an  oil -flask.  This  I  meution  merely  to  show 
you  iiow  through  the  eetablblimont  of  these  athletic  canons  the  repre^ 
sentation  of  mythological  subjects  w»s  influenced.  The  Bame  mnet 
be  said  of  the  influence  of  the  Lyaippean  canon  which  can  be  traced  in 
80  many  works,  not  only  those  Immediately  of  his  own  school.  As 
the  Polyklcitan  canon,  from  the  natnre  of  its  proportions,  was  best 
finited  to  the  h^rier  and  more  muBcular  go«1s  and  heroes,  bo  the 
LyBip|»eaii  canon  corresponded  more  to  the  lighter  and  fleeter  gods. 
Nfty,  even  as  late  as  the  last  half  of  the  first  century  b.c.,  in  tho 
school  of  Pasi teles,  we  can  notice  the  influeoee  of  athletic  art  upon 
mythological  art  in  the  new  eclectic  canon  which  that  artist  and  hia 
school  estahliRhcd,  represented  most  fully  in  the  statue  of  an  athlete 
in  the  Villa  Albani  by  Stephanos,  the  pupil  of  Pasi  teles,  and  traceable 
in  all  tho  mythological  statues  of  that  school. 

It  is,  however,  not  only  in  statues  that  this  influence  of  athletic 
art  upon  mythological  art  becomes  manifest.  By  far  the  most  curious 
and  interesting  instaueee  of  this  influence  are  to  bo  found  in  the  minor 
arts,  especially  in  vases,  I  have  eollecte<l  a  large  number  of  such 
instADoefl  on  v^es  with  athletic  scenes.  We  And  there  how,  following 
the  normal  course  of  the  Greek  mind  not  only  in  art  but  also  in 
religion  and  literature^  the  Greeks  coustruct  their  mythical  and  heroic 
conception  upon  the  basis  of  real  life.  Thus  their  representations  of 
real  contests  in  the  palestra  form  the  groundwork  for  the  representa* 
tions  of  similar  scenes  in  the  mythical  and  heroic  worhl,  as  their 
religious  idealism  drove  them  to  establisli  the  ideal  prototype  for  all 
actions  of  rt^l  life.  When  Pindar  commemorates  in  an  ode  the  victory 
of  Bome  liviug  athlete,  he  generally  begins  or  ends  with  some  typical 
ooaleet  from  the  heroio  world  relutetl  to  it.  In  the  same  way  the  vase- 
painter,  when  painting  a  prize  vase  or  one  decorated  with  athletic 
■oenas  *  places  a  scene  from  the  actual  {>alfestra  on  the  one  side,  and 
on  the  other  some  similar  mythical  scene,  a  religious  type  of  the 
gme,  Promiuent  among  such  typos  are  TheseuR  aud  the  Minotaur, 
Horaklee  and  Antaios,  Heraklos  and  the  Nemeau  Lion  or  the  Lemean 
Hydra,  Peleus  and  Atalauta^  conti:sts  of  Trojan  heroes,  and  many 
others.  Now  the  form  given  to  thesQ  mythical  contosts^  to  which  I 
shall  have  occasion  to  draw  your  special  attention,  is  the  same  as  that 
in  which  tho  real  scene  is  put,  or  rather  presented  itself  to  the  artist 
while  studying  his  art  in  the  palmstra.  So  constant  did  I  find  this 
an«ngQtiii(nt  to  be  that  it  almost  partook  of  the  nature  of  a  law  and 
gave  the  obaerrer  the  greatest  gain  of  scienoe,  the  power  of  prophecy .f 


*  l^eejpl  in  tlie  cues  of  Pftnathenaio  prize  vruee,  where  one  side  always  ooft' 
laiM  the  oocif  eotioQal  ^^nre  of  Athene^  Uke  the  Ath^tdian  cojit-nf-arms. 

f  It  appean  to  me  thi%  the  alyv\v  at  llw  drelinntion  oC  a  va^^o  \m  often  of  tho 
ICrtatt^  nm  for  the  intiTprefetion'o^  the  vaso  paintrnf^.  TIuib  a  bcpnlchraJ  VfisA, 
«r  Qoe  metnt  to  be  a  ^  ft  Wtwci-n  lOTOre,  or  a  drinkiMg  eup,  would  be  decomtecl 
Willi  njfliologic&l  ideDfla  appropriate  to  iU  original  purpriK ;  und  olten  ii  tjpic&l 
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I  cannot  resist  relating  to  you  an  instance  iUustratiTe  of  this  result. 
While  studying  the  vaao9  in  tho  Louvre  with  tbo  question  of  the 
Influence  uf  the  Paleestra  before  me,  I  mt^ntioned  to  one  of  tbe  officers 
who  kindlj  assisted  mo  in  my  work  this  reBult  of  my  observation  of 
athletic  Tftsca-  Do  yon  mean  to  say,'*  be  inquired,  "  that,  seeing  tlia 
athletic  eide  of  a  vase,  you  can  tell  what  class  of  mythological  scono 
will  he  on  the  other,  or  wbat  class  of  mythological  scene  on  tbe 
one  will  have  an  athletic  subject  on  the  other  ?  "  I  answered  tb&t  I 
beHeved  I  could  tell  what  scones  would  fnt>b4kbly  have  such  correla- 
tives. "Let  ua  soe "  ho  said.  We  proceeded  to  a  room  I  bad  not  yet 
examined,  and,  passing  a  glass  case  by  the  windosv  which  confaiued 
pateriD  and  m'Aticc?,  I  noticed  a  #n?Xif,  a  drinking  cup  with  the  shape  uf 
a  flattened  bowl,  so  placed  that  the  convex  outside,  ornamented  by  a 
broad  border  with  numerous  figures,  was  uppermost  The  subjects 
represented  on  this  border  were  scenes  from  the  contosts  of  Tbeseiis 
and  Herakles.  If  there  is  any  representation  in  tbe  inside  of  this 
vase/'  1  said,  "  it  is  most  probably  an  atbletic  scon©  or  figure."  Tlie 
case  was  unlocked^  the  vase  taken  out,  and,  when  turned  round,  the 
centre  contained  a  round  medallion  of  yellow  ground  within  tho  black 
patina  of  the  vase,  and,  there  being  only  room  for  one  figure,  it  dis- 
played a  youthful  athlete  with  halteres  in  his  hand  and  a  discos  by 
his  side,  evidently  a  victor  in  the  pentathlon. 

So  dir<M;t  was  the  process  by  which  tho  vase-painter  tnmsferrotl  the 
Boenes  he  actually  Eaw  and  studied  in  tho  palfestra,  that  we  can  trace 
even  in  the  details  of  the  figures  composing  sncb  a  mythical  boouo 
their  athletic  origin. 

The  simplest  and  earliest  form  of  an  athletic  scene  is  that  shown 
in  this  diagram,  copied  &om  an  archaic  block^figarcd  vase.  In  the 
centre  we  bave  the  two  combatants ;  on  tho  one  sida  wo  see  a  nude 
athlete  in  a  peculiar  attitude,  with  arms  ilrawn  np,  recurring  in  almost 
all  repreBentations  of  this  kind,  the  odd  man  in  the  game^  the  Ephedros, 
waiting  hie  turn.  On  the  other  side  there  is  an  older  bearded  figure, 
draped  with  a  mantle,  and  with  a  long  staff  in  one  hand,  tho 
Paidotribes  or  Agonothetos,  the  teacher  or  umpire.  Now,  in  the 
mythical  scones  the  vase-painter  places  bis  heroic  or  divine  com- 
batants in  the  same  way  in  the  centre,  and  on  either  side  he  plaeos 
divinities  as  judges,  spectators,  or  protectors*  Tho  vase-painter 
takes  the  Paidotribes,  draped  and  with  long  staff,  simply  alters  tho 
head  of  the  bearded  man  to  a  female  head,  the  staff  to  a  spenr, 
and  sometimes  adds  indications  of  the  Gorgoneion  on  the  breast, 
and  we  have  Athene.  On  the  other  side  he  retains  the  nude  youth 
only,  placiug  in  one  of  his  up-drawn  hands  a  short  cnduceus,  and 
we  have  Hormos.  To  revert  once  moro  to  sculpture,  we  find  that 
the  central  fignre  in  the  iEgina  pediment,  presiding,  as  it  were,  over 
the  contest  for  the  body  of  the  fallen  FatrokLos,  is  the  same  Paido- 

ec«nf3  of  mythology  wue  modifio^i  to  ^uit  tho  chiiroctf^r  of  the  vase.  Boo  Ibo 
[mper  by  iha  prciuent  writ?!,  oa  "'■  Pytlia^joras  of  Rhegion,"  Jouruol  of  lUu 
Hellonio  Society,  vol.  i.  pp.  184-5  (footnote),  1880. 
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tribefi-AthoDo  tliat  wo  meet  with  on  tlieeo  archaic  vases.  The  habit 
uf  building  up  the  scenes  of  mythical  contests  upon  the  actual  scenes 
of  the  pftl^strft  was  ao  strong  that  soinotimoe  the  vase-painter  forgets 
and  betrays  himself  m  mixing  up  in  the  eamo  mythical  scene  athletic 
and  mythical  elements.  This  archaic  vaso^picttiro  fi^om  an  unpub- 
lished small  Lekython  in  the  LouTre  is  an  instance.  The  mythical 
combatants  are  here  Theseus  and  the  Minotaur ;  jet  the  vaso-painter, 
imoonaeioiis  of  the  absurdity,  places  on  either  side  two  real  node 
athletes  in  the  attitude  of  ephedroi,  rs  if  awaiting  their  turn  to  enter 
a  boxing  match  with  the  monster  whose  head  is  being  cut  off  by 
Theseus.  Peaceful  contests  arc  directly  translated  into  armed  struggles. 
The  metopes  of  the  Parthenon  and  Theseion,  the  frieze  of  Fhigalia, 
ahow  immmeiable  instances  in  which  Theseus  and  Hcrakles  sbniggling 
with  monsters,  Lapiths  slaying  Centaurs  and  Amazons,  are  repre- 
sented in  the  typical  attitudes  and  actions  belonging  to  the  palcestra 
and  studied  there  by  the  artist. 

These  obsefTations  are  not  restricted  to  statues  and  ^aaes,  but 
apply  cqnally  to  the  minor  arts,  such  as  that  of  the  die-sinker  and 
gem -engraver.  Coins  manifest,  far  more,  I  believe,  than  has  nntil 
now  been  recognised^  this  immediate  influence  of  the  athletic  games, 
Mr.  0,  T*  Newton  and  Mr,  E.  S.  Poole  have  sbown  how  in  the  coins 
of  Syracuse  and  Camarina  even  individual  victories  are  recorded.  I 
shall  merely  point  to  one  instance.  This  first  coin  of  Selinus  in 
8ieUy,  the  date  of  which  is  about  the  first  half  of  the  fifth  century  b,g., 
represents  the  rivei^god  Hypsas  as  a  nude  youth  with  a  patera  in  the 
one  hand  and  a  short  branch  in  the  other.  As  1  have  once  before 
endeavoured  to  show,  the  type  of  this  figure,  though  reduced  on  a 
fimatl  coin,  corroBponds  in  proportions,  modelling,  and  attitude  to  the 
Chots^nl^GooMor  Pngilist  whom  1  attribute  to  Pythagoras  of  Bhegioii* 
Ahont  430  B.C.  (observe  that  the  Poly klei  tan  canon  had  come  in)  the 


leg  is  drawn  back,  the  weight  resting  almost  entirely  upon  the  other 
(mmr  crure  ut  iniialereni  is  the  characteristic  attitude  ascribed  by  Pliny 
io  tbe  statues  of  Polyk]eit<:is),  the  branch  is  elongated  and  carried 
noro  like  a  spear — in  short,  the  figure  approaches  most  manifestly  the 
^rpe  of  the  Doryphoros  drawn  on  this  diagram  from  the  Naples 

If  time  permitted,  I  could  bring  before  yonr  notice  instances  to 
•Ilow  id  the  mme  manner  the  influence  of  the  athletic  games  upon  the 
Vdrks  of  the  other  minor  arts,  such  as  gems  and  terra-cottoe.    Yet  if 

htk^B  shown  it  in  the  greater  arte,  this  also  demonstrates  it  for  the 
Iwiog  omes.  For  the  minor  arts  of  Greece^  as  has  become  evident 
ham  m  many  instances,  took  their  types  and  models  from  the  great 
wxxrks;  often  one  and  the  same  artist  created  both,  and  thus  the 
influence  detected  in  the  one  applies  by  implication  to  the  other. 

I  hope  that  I  have  made  you  realiee  the  important  part  played  by 
like  atltletic  glomes  in  the  development  of  Greek  art.  It  muEt,  I  belief  e. 
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be  recognised  that  those  qualities  wliich  distingtiisli  Greek  art  at  ita 
height,  tho  combination  o£  Kature  and  tho  Ideal,  wore  given  to  it 
chiefly  tbn^ugh  the  inflnenco  which  the  athletic  institutions  and  their 
growth  and  development  had  upon  the  people  at  hirge  and  the  artietie 
world  in  pailicular.  lu  all  branches  of  science  it  has  b«en  found  that 
while  certain  broad  currents  of  influence  in  the  formation  and  develop- 
ment of  ft  growing  organiein  conld  be  perceived  and  traced  during  the 
earlier  and  similar  phases  of  ita  eiistence,  or  rather  growth,  this  is 
more  difiScult,  indeed  hartllj  poBsiblCj  when  once  the  bc»dy^  genus^  or 
infititntion  has  reached  the  more  complex  and  vaiHegated  fornm  of 
full  organisation.  All  the  conscientious  observer  can  then  do,  is  to 
record  the  parallelism  and  couoomitance  of  the  development  in  the 
two  forms  which  before  held  the  relation  of  influencing  force  and  the 
thing  inflaenced,  showing  a  certain  relation  that  eiista  between  them 
or  which  they  hove  in  common  to  some  other  force,  and,  in  many  caaea, 
leaving  the  question  open  which  is  the  cause  and  which  the  effect. 

So  in  the  present  case,  after  having  found  that  the  palajstra  was 
efScient  in  bringing  Greek  art  to  its  full  development,  we  still  have 
evidence  of  an  intimate  relation  existing  between  art  and  athletics^ 
Yet  we  cannot  alwaya  say  where  esactly  the  influence  lies,  which  ia 
the  institution  influenced,  and  which  is  the  one  influencing.  All  w© 
are  bound  to  do  is  to  record  the  parallelism  in  their  development. 

The  broad  lines  which  mark  the  development  of  athletic  instita- 
tions  are  the  same  that  characterise  the  development  of  Greek  political  | 
and  social  life,  Greek  literature,  religion,  and  art.  In  political  and 
social  life  we  have  the  undeveloped  earlier  furmsof  small  communititifl 
leading  in  the  great  age  to  tho  Panbcllenic  unity  in  which  all  Greek 
states  felt  tho  common  ties  that  united  them  and  in  so  far  submerged 
their  own  individuality.  More  and  more  this  great  and  broad  con- 
ception of  state  which  animated  the  Greeks  gives  way  to  the  growing 
aaaertion  of  the  interests  of  individual  states  clashing  with  one  another. 
Further,  in  the  same  state  even  party  feeling  asserts  itself  in  opposi- 
tion to  the  state,  and  within  the  party  again^  the  individual  seeks 
Hb  own  good  to  the  detriment  of  the  party*  Gradually,  step  by 
step,  with  here  and  there  a  short  flickering  up  of  tho  great  spirit 
in  a  different  form,  the  diseolntion  of  Greek  unity  leads  to  the  final 
destruction  of  Greek  independence.  With  the  decline  of  political 
grandeur,  strength  and  virtue  die  in  the  social  life  of  tho  Greeks. 
The  old  simjjlieity  and  greatnoBS  of  character  decay,  and  dissoluteness 
and  vice  more  and  more  take  root  and  undermine  tbo  moral  strength 
of  the  people ;  for  in  no  time  and  in  no  coimtry  were  political  and 
social  ethics  so  dependent  upon  one  another.  In  literature,  especially 
in  the  history  of  the  drama,  we  can  notice  the  same  step  from  the 
more  conventional  forme,  traces  of  which  are  still  to  be  noticed  in 
j^schyluSf  to  tho  more  minute  individualisatioo  in  Sophocles  and 
Euripides,  fiensationaliem  already  beginning  in  the  lattor.  Art  was  so 
complete  an  expression  of  Greek  religion  that  in  studying  the  develop- 
ment of  art  we  can  follow  the  course  taken  by  religion.  From  the  first 


st&ge,  the  oonyetitional  archaic  art,  we  arri?o  through  the  period  of 
traoBitiou  to  tJie  great  art  of  tlio  Pauhellenic  pGriod.  The  spirit  of 
the  religious  art  of  this  period  ie  to  bo  fi>imd  not  only  in  the  character 
of  the  work  J  the  etyle  of  the  artistic  schools,  but  also  in  the  eubjects 
represented.  The  great  gods  Zeas,  Hora,  Athene,  Dometer,  are  the 
imbjectB  most  commonly  represented  by  the  artists,  and  when  they  do 
represent  the  other  diVinitiee  they  give  them  a  severe,  large,  and 
noble  character.  Such  is  the  case  with  the  eeyere  ooncoption  of 
Aphrodite^  Apollo,  Artemis,  and  Dionyeos,  After  the  great  age,  as 
ia  politics  so  in  art,  the  step  is  made  from  the  ideal  down  to  the 
iudiridual  ag^in,  from  god  to  man,  from  the  type  to  the  portrait  of 
Uving  individuals.  At  the  same  time  in  religious  art,  the  great  gods 
no  longer  form  the  chief  subjects  represented  by  the  sculptor  and 
painter ;  minor  deities^  nay,  mythical  personifications  of  lower  nature, 
such  m  fmims,  satyrs j  maeDads^  are  now  represented  by  preference!. 
In  the  gods  again  the  most  human  side  is  emphasised  ;  in  Aphrodite 
and  in  Apollo,  who  is  made  younger  and  younger,  the  more  sensuous 
and  lees  divine  side  of  their  beauty  is  made  prominent,  until  in 
Eephisodotos  the  yonnger,  when  the  fourth  century  laps  oTor  into  the 
third,  sensuouaness  merges  into  sensuality.  The  grave  and  noble 
simplicity  of  the  ancient  religious  art  expires  with  the  decline  of 
religions  &ith  in  the  gods  and  the  dissolution  of  national  greatness, 
and  in  the  school  of  Pergamos  and  Rbodea  the  dramatic  and  sensii- 
tional  phase  of  sculpture  prevails.  In  tbis  perioii  we  pass  from  genre 
sodlpture  to  the  comic,  the  grotesijUGt  and  the  brutal. 

The  paltieatra  follows  the  saino  oourso.  In  the  first  and  earlieat 
etegee  of  the  paleestra  the  athletic  games  arc  not  completely  organised ; 
they  hAve  not  yet  established  a  character  of  their  own,  but  are  a  class 
of  religions  institntionB  without  the  human  life  and  interest  which 
they  gain  when  once  they  are  brought  down  from  gods  to  man.  From 
having  been  religious,  they  must,  in  the  great  period  of  their  develop- 
mmt,  which  coincides  with  the  great  period  of  political  and  intel- 
lectnal  life,  become  a  national  institution.  This  step  is  made  during 
the  period  called  in  the  history  of  Greek  art  the  period  of  transition. 
In  the  highest  period  of  the  palaestra  this  institution  has  a  real  national 
um,  to  provide  and  encottriige  perfect  physical  education  for  the  youths 
ftnd  rae»  who  are  to  form  the  strength  of  the  nation.  It  is  a  noble  aim, 
and,  thronghont^  the  character  of  the  great  games  and  of  the  paleestra 
is  of  the  wide  and  lofty  nature  which  stamps  itself  upon  its  artistio 
productions,  and  thus  affects  the  spirit  of  art.  The  statues  in  honour  of 
athletic  victors  are  broad,  large  and  monumental  in  character,  in  sub- 
jed,  and  in  execution.  Au  individual  victory  is  not  cotmnemorated  by 
thd  portrftti-dtatue  of  the  irictor,  but  by  a  ^lerfect  type  of  that  class  ol 
athlete  and  that  game.  It  is  that  which  lasts  when  the  indiTidual 
fmasm  away,  just  as  in  the  representation  of  gods  during  this  period 
all  that  is  ephemeral  and  individual  in  mortal  life  was  avoided.  So 
too,  in  the  execution  of  the  works,  the  transient  and  sensational  ia 
shunned.    The  attitudes  are  restful,  however  great  the  life  and  the 


BnggGBtions  of  activo  ritality  rmy  bo ;  there  are  no  Beoeationftl 
momentary  poBos;  tte  modtjLLiiig  is  broad  and  large,  without  any  of 
the  tricks  of  craft  and  tlio  display  of  technical  skill  which  distiugniBh 
the  1a tor  works » 

In  tho  neit  period,  marked  in  art  by  the  growth  of  indivi dualism 
and  the  gradual  spread  of  sensuality,  tho  pfilrostra  is  marked  by  the 
moBt  prone miced  mdividnalisin  and  the  introduction  and  spread  of 
professional  athleticism.  As  the  palrestra  grows  in  importance,  and 
as  the  rivalry  between  the  Tarions  states  grows  hotter,  tho  interest 
in  tho  iu dividual  victor  and  his  importance  grow,  and  thus  in  the 
ago  of  Alexander  tho  Great  and  of  the  sculptor  Lysippos,  when  in 
other  ephereg  the  feeling  for  personality  ran  higher,  the  custom  is  for 
the  first  time  introduc^  of  erecting  portrait  statues  in  honour  of 
athletes  who  vantjaished  three  times.  Before  this,  it  wm  considered 
sacrilege  to  plnce  the  portrait  of  liying  persons  on  public  monuments, 
as  is  evident  from  the  charge  brought  against  Phcidias  for  having 
given  hi»  own  likeness  and  that  of  Pericles  to  two  Lapiths  in  the 
Amazon  battle  represented  on  the  shield  of  the  Athene  Parthenoa. 
When  once  tbis  innovation  is  introduced,  towards  the  close  of  the 
fourth  century  B,o.,  the  public  character  of  such  monuments  makes 
the©o  portraits  a  bridge  over  into  more  ideal  arts.  It  will  readily  bo 
eeen  what  itifluenco  this  custom  of  athletic  art  must  have  had  upon 
the  arts  of  portrait-paintiug  and  portrait-ficulpturej  wad  how  this 
directed  tho  course  of  art  towards  realism. 

This  greater  realism  is  also  to  be  noticed  in  the  attitades  and 
poses  given  to  athlete  statues,  more  momentary  and  less  mouumental'l 
than  l£ey  were  in  tho  great  age.  Tho  same  causes  which  led  to  tho 
growth  of  individualism  effected  the  great  change  in  the  spirit  of 
athletic  institutionB,  ^Tiilo  before  they  were  a  means  to  a  great 
political  and  social  end,  they  now  become  ends  in  thomsclvos  to  which 
all  other  considerations  become  anhsorvient.  While  before  athletic 
exercise  was  a  part  of  the  daily  occupation  of  the  Greek  youth,  which 
was  meant  to  contribute  its  share  to  the  groat  end  of  making  him  a 
Bonnd  and  normal  beings  harmoniously  developed  both  in  mind  and 
body,  and  thus  a  serviceable  citizen  to  his  statoj  it  now,  step  by  stepj 
becomes  itself  the  great  aim  to  which  time,  life»  and  aspi rations  of  the 
youth  arc  devoted,  and  to  which  they  are  made  eubservient  It  is  the 
step  recurring  in  the  history  of  athletic  games  iu  all  times,  the  step 
from  the  gentleman  athlete  to  the  professional  athlete.  In  art  we  see 
the  signs  of  the  loss  of  proportion  in  such  work*5j  which  increase  in 
the  next  period.  Wo  hear  from  ancient  authorities  how  pugilists  and 
pancratiasts  were  fattened  up  and  made  bulky,  how  muscular  develop- 
ment  was  asaggerated  oven  to  ugliness.  In  the  mythical  figure  most 
immediately  induenced  by  athletic  art«  in  Herakles,  we  see  tliis  in 
later  instances,  where  the  muscular  development  is  abnormal  and 
repulsive.  Tho  germs  of  the  rapid  decline  of  this  great  institution 
are  to  be  found  in  tho  fungus  growth  of  its  own  importanoe,  growing 
till  it  obscured  the  great  aim  which  gave  it  life  and  chanboterised  its 


IdglieBt  development.  It  leads  to  degeneration  or,  as  tbe  pathologist 
would  more  atkiurately  term  i%  to  liypertrophy.  Let  me  only  bring 
before  yon  one  interesting  instance  to  illustrate  this  step  towards 
professfoiml  athleticism.  This  coin  of  Amyutas  III.  of  Macodon, 
who  reigned  from  389  to  369  b.o.,  representing  a  horse  with  its  rider> 
is  ty  pi  tail  in  one  respect  of  all  eimilftr  representations  before  the 
middle  of  the  fourth  century  b-o,,  namely,  in  respect  of  the  relation  of 
rider  ftnd  horse  and  of  the  corresponding  importance  of  both  in  the 
minds  of  the  people  of  that  time.  Like  all  repreeentationB  of  riders 
down  to  the  middle  of  the  fourth  century,  the  rider  is  here  large  in 
comparison  with  the  horse.  If  now  we  tnm  to  this  coin  of  Philip  of 
Maoedon,  there  is  a  strikiog  dififereuco  in  this  respect,  the  boree  being 
disproportionately  large,  while  the  rider  has  dwindled  down  to  on 
nndergrown  jockey.  The  whole  matter  is  explained  by  the  fact  that  this 
eoin  of  Philip  repreeentB  his  racer,  whom  ho  sent  to  Olympia,  and  who 
there  came  out  the  winner.  Now,  in  the  previous  periods  it  was  for 
the  rider^s  sake  that  horsc-raciDg  existed,  it  was  to  show  and  encourage 
his  skill  in  horsemansliip,  and  he  got  the  glory;  there  existed  no 
jockeys*  In  the  time  of  Philip  the  horse  became  the  great  centre  of 
interest,  and  the  gentleman  rider  and  warrior  of  the  Parthenon  frieze 
is  no  longer  to  be  found  at  Olyrapia,  In  the  course  of  this  natural 
or  cmnatnral  saleotion,  the  horHe  too  hm  altered  its  form,  merely  to 
&tot^  in  fleetness.  It  is  carious  to  consider  how  similar  the  action  of 
these  **  Iftws "  hoa  been  in  ancient  and  in  modem  times.  Thus  not 
only  with  the  human  form  hat  even  with  animals  the  course  taken  by 
the  athletic  games  in  the  later  periods  tended  to  destroy  the  ideal  of 
form  esttibliehed,  during  the  great  age  of  Greek  cidturej  by  art  1 
tknmgh  the  earlier  inflaence  of  the  same  institution^ 

In  the  last  phases  of  the  history  of  the  palceRtra  we  can  distin- 
gd^  three  manifeetatious  of  the  decline.  Corresponding,  first,  to  the 
dtmoiatio  stage  in  the  history  of  Greek  sculp ture^  which  led  to  the 
groQp^  of  Pergamene  and  Ehodian  schools^  we  have  (sensationalism 
in  the  games,  encouraging  wonderful  feats  of  abnormal  strength  or 
ekiil,  and  in  athlete  etataes,  dramatic  attitudes,  boxers  with  arms 
npruscd,  wrestlers  leaning  forward  with  arms  extended,  and  a  de- 
T^upment  of  mnscles  that  remind  us  more  of  the  dissecting-room  than 
el  the  artist's  studio.  Secondly,  the  brutality,  the  germs  of  which  we 
noticM.*d  in  the  previous  period,  now  manifesto  itself  fully.  Instead  of 
the  noble  g^ndeur  of  a  Doryphoroe  or  a  Choiseul-GouflSer  Pugilist, 
we  have  fleshy  monsters  who  would  be  comic  if  they  were  not  repid- 
Bive^  The  drawing  of  this  figure  is  from  a  terriwiotta  in  the  poeses- 
stotj  of  M.  Camillo  Lecuyer  at  Paris,  and  represents  a  pugilist  with 
arms  upraised,  whose  bull-head  reminds  ns  so  much  of  the  Minotaur 
that  we  may  fairly  doubt  whether  it  does  not  represent  a  buH-headed 
athlete  or  Uie  Minotaur  turned  pugilist,  Anttther  telling  instance  of 
IhiA  class  is  a  bronze  in  the  Cabinet  des  Medailles  of  the  Bibliothiique 
Nationale  of  tlie  same  city.  It  represents  a  pancratiast  thick  and 
fledij,  with  nwollen  face,  arms  upraised,  in  the  act  of  kicking  with 
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hiB  right  heel.   Bmh  representattoas  ans  incoDceivable  m  the  time  of 

The  history  of  the  Greek  boring-gloves^  the  IfLoyrHy  typifies  and 
illustrates  the  three  chief  phases  in  the  history  of  the  palmstm,  from 
ita  height  to  its  decLine^  The  earlieBt  form  were  the  ^ttA/^at,  which 
were  to  soften  the  blow  to  the  etriker  and  the  one  struck,  and  wore 
thus  subservient  to  the  eserciBe.  The  second  form  was  the  o^vt^ 
a  leather  thong  wound  round  the  hand,  protecting  the  hand  of  the 
striker,  but  increa«ing  the  severity  of  the  blow ;  this  belongs  to  the 
period  when  professional  athleticism  waa  beginning  to  bo  introduced- 
Tho  tlurd  form,  marking  the  period  of  decline,  the  QreBco-Human  and 
Bcman  age,  was  the  brutal  ccestus,  garnished  with  leaden  balls, 
which  produced  disfiguring  blows,  sometimes  leading  to  death. 

As  in  the  decline  of  Greek  religions  art,  when  pmctically  the  faith 
in  the  great  gods  w»s  shaken,  we  have  the  introduction  of  genre  and 
comic  elements,  such  fts  putti  or  little  cupids  carrying  the  attributea 
of  the  god«,  the  thunderbolts  of  Zeus,  the  trident  of  Poseidon,  or  the 
clnb  of  Herakles,  so  in  tho  last  stages  of  the  palseatra,  when  ita 
dignity  had  vanished  along  with  that  of  the  gods,  we  seo  the  eacred 
games  robbed  of  all  solemnity  and  ttansposed  into  the  comic  gmre^ 
in  the  form  of  little  eupids,  undergoing  athletic  hardships  in  quaint 
mock  solemnity  and  e^rtion.  The  diagram  before  you  shows  one  out 
of  a  large  number  of  late  reliefs,  with  chubby  children  hurling  thtj 
discus,  boxing,  wrestling,  running,  jumping,  racing  in  chariots  and  on 
horstjback.  Here  is  one  led  away  after  a  defeat  in  the  p^gme ;  here 
another  miniatnro  Diadumenos  fixes  the  victor's  wreath  to  its  brow  | 
here  are  chariots  colliding  and  crashing  asunder,  horse  and  dri  ver  over- 
thrown, and  so  on — all  scenes  of  the  great  palaestra  made  quaint  and 
comical.  Surely  all  solemn  or  religious  associfitions  must  have  left 
the  games  when  once  they  could  be  represented  in  this  form.  Such 
representations,  tt)0,  are  utterly  inconceiTftblo  in  the  ago  of  Pheidias, 
The  real  death  of  all  great  institations  has  set  in  when  once  the  ridi- 
culous side  is  brought  out.  The  most  notable  instance  of  this  is  the 
final  d^th-blow  administered  to  chivalry  by  Cervantes  in  *  Don 
Quixote/  When  once  the  Greek  games  arc  made  the  subjects  of 
these  comic  scenes  their  end  is  reached,  and  they  die  with  the  extinc- 
tion of  Greek  political  freedom  and  the  fall  of  Greek  literature  and  art. 

I  have  brought  before  you  the  influence  of  tho  Greek  athletic 
institutions  upon  art  in  tho  effect  they  produced,  loading  tho  Greek 
artist  to  nature  and  the  ideal  in  the  representation  of  man*  This 
applies  chiefly  to  the  single  figures  in  sculpture.  There  is  one  mor© 
great  achievement  of  Greek  art,  in  which  it  has  supplied  all  ages  with 
an  artistic  principle  as  fundamental  as  the  ideal  of  the  human  form ; 
and  this  again,  I  hold,  is  chiefly  due  to  the  influence  which  the  athlctio 
games  had  Upon  the  development  of  Greek  art. 

The  ma.ster pieces  of  Greek  painting  have  all  been  destixtyed^  and 
our  information  concerning  them  is  derived  from  the  numerous  accounts 
of  ancient  authors,  and  from  their  feeble  refiexion  iu  the  works  of  the 
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minor  utBt  ench  &b  tntiral  an^  vase  painting.  Thm  tho  common  error 
h  widespread  that  Greek  painting  was  comparatively  on  a  quite  dif- 
ferent Ecale  of  excellence  to  Greek  sculpture.  1  have  reaaon  to  hold 
that  tbiB  is  not  so^  and  that^  with  the  exception  of  landecape  painting, 
the  stamdard  of  Greek  painting  waj»  comparatiYcly  as  high  as  was  that 
of  their  sculpture.  However  this  may  be,  one  faot  remaiuB,  that  they 
are  the  fir«t  to  have  established  the  fundamental  principle  of  pictori*5 
art,  and  that  this  waa  first  done  in  athletic  art. 

This  fundamental  principle  of  pictorial  art  ib  expreesed  by  the 
word  compomiion.  What  constitutes  a  picture  a  work  of  art  is  the 
artistic  organisation  which  the  artist  gives  to  the  elements  which  he 
oopicB  from  nature.  It  is  not  merely  a  tree  and  a  house  and  a  man 
that  tuake  up  a  picture,  but  it  is  the  oombinatioii  of  these  elomenta 
into  unity  and  harmony  suggested  and  demanded  by  the  feeling  for 
and  need  of  design  inherent  in  the  human  mind,  Li  our  most  com* 
plicated  pictures  we  can  distioguisb  the  following  elements  of  com* 
pofiitioD^  First,  linear  com^wsition*  in  which  this  unity  is  given  by 
mMns  of  an  outline  to  the  whole  drawing  which  meets  in  some 
centfml  point ;  second,  perspeetive  composition^  in  which  the  repre- 
sentation of  distance  from  the  point  of  vision  enables  the  artist  to 
indicate  the  foreground  and  background  with  regard  to  the  centre  of 
interest  i  and  in  the  third  place  composition  is  given  to  a  picture  by 
light  and  shade,  the  gradation  of  values  of  colours  and  of  tone  which 
give  the  same  artistic  unity  within  variety.  But  all  these  forms  have 
thi«  in  common,  that  they  imprees  upon  the  eye  of  the  spectator  & 
central  point  of  design  and  interest,  and  that  the  other  parts  of  the 
work  lead  up  to  it,  making  of  the  whole  an  artistic  organisation  with 
onity  or  harmony  of  design* 

In  the  i>aintings  of  the  East  and  of  Egypt  wo  have  long  suceessions 
of  figures  tier  above  tier  relating  in  an  imperfect  language  a  scene 
m  wm  should  relate  it  in  a  succession  of  sounds  called  wordi}.  In  fact 
it  is  picture-writing  which  must  be  trauBlated  into  a  form  of  thought 
oCTwponding  to  words  before  it  brings  a  real  picture  before  the 
mind's  eye.  This  is  symbolical  art  in  which  the  artistic  representation 
is  a  mere  sign  appealing  to  and  stimulating  the  constructive  imagina- 
tton  of  the  spectator  to  fashion  an  inner  picture  of  his  own  making. 
It  is  not  yet  a  work  of  real  art  which  has  its  life  and  unity  in  itself, 
and  attracts  and  holds  the  eye  of  the  spectator  at  its  most  living 
point  of  interest. 

This  prioeiple  of  composition  was  first  carried  out  by  the 
Grc«ks^  when  they  left  the  ephore  of  symbolical  pictare-writing.  Mid 
praentcd  scenes  with  a  real  centre  of  interest  aud  design.  In  the 
earliest  works  of  Greek  art,  such  as  the  Chest  of  Kypsdus  and  the 
^aii90is  vaae,  we  have  the  oriental  arrangement  of  tier  npon  tier  of 
gnocMBtve  figures.  It  is  in  athletic  vase-paintings  like  this  black* 
figured  Archaic  one  that  we  have  the  first  instances  of  com  position. 
In  tbn  centre  are  the  two  boxers  ongagcd,  to  the  Hgbt  and  left  are 
ikb  Epbedrofl  and  the  Paidotribes,  facing  the  centre*    By  their 


attitude  BE  Tvell  as  tlieir  action  these  two  figures  give  a  oompleten 
to  tLo  8CGno,  separate  it  froui  the  outside,  and  drive  the  eje  towards 
ibe  r^l  centre  of  action  and  interest.  Unity,  life,  and  variety  nre  at 
iviioe  given  to  the  whole  scene.  Unity  in  that  the  scene  has  a  local' 
isfcd  centre  of  interest  towards  which  the  other  parts  tend  and  lead  ; 
life  in  that  each  part  contributes  to  the  unity  of  the  whole ;  yariety 
in  that  there  is  a  gradation  of  interest  as  we  approach  or  leave  iha 
centre.  In  tkis  simple  and  conventional  form  of  work  we  have  m 
emhryo  all  the  gems  of  the  highest  variety  of  eompoeition.  Th:; 
attendant  figures  on  either  side  represent  the  foreground  and  back- 
ground to  the  central  eombatantSf  and  we  noedbut  reach  the  perfection 
of  technique  in  the  acqnisitiou  of  the  laws  of  perspective^  the  power 
of  shading,  and  the  gradation  of  tonea  of  coIoutb,  to  carry  this  fundi^ 
mental  principle  to  its  highest  variety  and  expressive  power. 

It  was  in  the  palajstm  that  the  early  painter  had  the  centre  of 
artistic  interest  impressed  upon  him  by  the  combatants  whose  etrnggle 
engresBcd  the  attention  of  all  s|>ectators,  it  was  here  that  he  bad  this 
rudimentary  form  of  compfisition  impregsod  upon  his  eye  by  the  ever- 
reeuiTing  figures  of  the  Bphedros  and  the  Paidotribos  standing  on 
either  side. 

Yet  not  only  by  a  prtGri  probability  is  this  statement  supported- 
The  monumonts  thera selves,  if  carefully  Btudied,  give  the  weightiest 
evidence.  In  the  first  place,  the  earliest  works  of  art  do  not  give  us 
this  form  of  oonjpoBitionj  it  comes  in  with  the  athletic  vases.  Fnrthcr- 
moro,  if  wo  aualyee  the  later  vases j  even  those  representing  subjects 
Bioet  "  unathlotic  "  and  of  late  complex  forma,  we  can  always  trace 
this  simple  schematic  form  here  given  in  the  pngilmtSf  the  Ephedros 
and  the  PaidotriliCij^  I  have  chosen  these  diagroma,  serving  to  illus- 
trate quite  different  lectures,  at  random.  Here  yon  have  a  scene 
representing  the  birth  of  Athene,  here  another  relating  to  a  tradition 
of  Athena  Ergane^  and  in  all  you  have  the  two  chief  fignres  in  the 
centre  with  standing  figures  on  either  side  facing  them.  Sometimes 
the  side  figures  are  don  bled »  sometimes  there  is  but  one  central  figure 
in  the  middle,  but  the  scheme  remains  the  same.  Here  yon  have  late 
vaee-paintingfi  with  ntimerotis  figures,  free  and  bold  in  composition  and 
e;£eention,  representing  an  Amaze nomachia  and  a  Gigantomachia,  ftnd 
all  this  largo  group  resolves  itself  into  smaller  groups  of  the  form  of 
this  early  athletic  vase.  However  complicated  and  perfect  the  com- 
position of  a  late  vase,  the  traeea  of  this  simplest  form  of  pictorial 
comjjosition  will  always  be  noticed,  the  fundamental  principle  of 
pictorial  art  which  was  impressed  upon  the  eye  of  the  artist  through 
the  athletic  games  of  the  Greeks. 

What  wo  owe  to  the  Greek  artist  coustitntes  the  principle  of  art 
even  in  onr  time;  it  is  the  combination  of  natiu'e  and  the  ideal  in  the 
human  figure,  and  the  principle  of  composition  in  pictorial  art,  both  of 
which  were  develojicd  in  him  chiefly  through  the  infiucnoe  of  the 
athletic  games,  and  this  fact  I  hope  to  have  made  clear  to  you  this 
evening. 
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From  the  nature  of  tbo  eulrject  doalt  witli  in  this  adi^roes  we  have 
neeessarily  only  noticed  Greek  art  in  its  expn^Bfiion  of  the  physical 
fiido  of  hmnan  life,  leaving  imol>B«rvai  the  spirittijd  iida  of  their 
great  works.  There  is  an  errouootis  notion  abroad,  started  by  those 
wha  bare  but  a  superficial  aoqiiaiutance  with  Groek  art,  that  though 
the  Greeks  reprosented  with  perfection  the  physical  side  of  beauty^ 
tbej  failed  to  render  dno  jiiBtice  to  the  spirit  and  the  soul.  If 
sufficient  time  were  at  my  dispoBfl,!,  T  believe  that  I  conld  show  you 
how  erroneous  is  this  notion.  It  is  true  the  Greeks  avoided  the  ei- 
pnofisioD  of  physical  emotion  in  their  statues  when  it  led  to  grimaee^ 
y^t  their  great  statues  are  replete  with  the  troe  soul  of  art.  The 
BonI  of  art  does  not  depend  uj>on  the  immcdiato  expression  of  emotion 
in  facial  changeH,  any  moro  than  goodness  with  man  depends  upon  the 
immediate  aet  of  charity  in  the  most  restricted  sense.  It  may  bo  a 
truer  and  gn^ater  act  of  charity  to  teach  our  pupils  maihematies  when 
pleasure  calls  us  away,  or  to  conform  to  the  laws  ef  good-breeding 
when  our  inclination  and  comfort  drive  us  the  other  way,  than  to 
distribute  a  small  share  of  onr  ready  money  to  sonio  beggar.  Tho 
soul  of  art  is  not  to  be  found  in  the  immediate  attempts  at  ropro- 
senting  what  wo  believe  to  be  the  outer  nianifestotion  of  human 
souis  ;  but  in  the  unity  and  harmony  of  orgauieation  given  to  a  work 
through  the  design  inherent  in  the  creative  artist's  mind,  the  share  of 
son]  which  the  creating  artist  transfers  from  himself  to  the  work  of 
his  hands,  and  above  all  in  tho  complete  and  inseparable  harmony 
that  obtains  between  the  subject  represented  and  the  material  which 
eanbodies  the  idea.  A  marble  angel  of  death  bearing  heavenwards  ia 
his  arms  a  dead  in&nt,  with  marble  tears  trickling  down  his  cheek, 
suspended  from  the  ceiling  of  a  drawiug-reom  by  a  silver  cord,  has 
lees  artistic  soul  than  this  Choiseul-fJonffior  Pugilist ;  becans©  in  the 
athlete  there  is  complete  and  inseparable  harmony  between  the  man 
represented  and  the  artistic  stuff  that  he  is  made  of. 

(0.  wo 
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The  Island  of  Socoira  and  it»  Beceni  Eevdatiom. 

Tbr  expteesion  our  road  to  India  "  is  one  ffimiliar  to  all  inliabitaiita 
uf  Britain.  It  imniediatoly  brings  to  the  miud'a  eye  tliat  long  lino  of 
commtinicfttion,  commencing  with  Gibraltar  on  the  west,  and  reaching 
through  Multa^  Cyprus,  the  Sue 2  Canal,  to  Perim  and  Aden,  by 
which  uitercour&e  with  onr  Yast  Eastern  Empire  is  maintained-  But 
on  that  line  of  CDmmuniaLtiou  thei'e  lies  iu  the  XndiaiL  Oeean  a  large 
island,  which,  long  before  Britain  had  a  road  to  India, — for  India  was 
not  her  poaseBsiou — was*  the  object  of  ambition  to  the  rival  nations 
straggling  for  mipremaoy  in  the  East,  but  which  in  recent  times, 
though  sighted  by  all  veftsels  passing  by  the  Red  Sea  route  to  India  or 
to  regions  eaat  from  Aden,  has  remained  a  Yeritable  terra  hicognita 
on  tiie  threshold  of  ciyilieation. 

Thia  island  of  Socotra  lies  off  the  N.E.  comer  of  Africa  in  lat, 
12°  19'  to  12°  42',  and  long,  63'  20'  to  30'.  Its  extreme  length  from 
east  to  west  is  about  72  milea,  and  its  breadth  about  22  miles. 

From  Caj»o  Gnardsfui  140  miles,  it  is  a  little  more  distant  from 
tho  Arabian  GodBt  (about  600  miles  from  Aden),  and  BtiU  furlher 
away  from  the  Indian  Peninsula. 

It  is  the  mi>st  easterly  elevation  of  land  on  a  coral  bank  lying  to 
the  N.E,  of  Africa,  upon  which ,  between  it  and  Capo  Guardafuij 
other  islands  (Abd-al-Kuri,  Eal  Farun,  Sambeh  and  Darzi — known 
commonly  as  'i'he  Brothers— and  Saboynea)  of  smaller  si^o  occur. 
On  no  part  of  this  bank  is  the  depth  of  water  over  200  fathoms,  but 
between  it  and  the  African  coast  is  a  channel  reaching  500  fathoms. 
Around  Socotra  is  a  narrow  coral  reef. 

Perhaps  no  island  of  like  extent,  and  lying,  as  one  may  say,  on 
the  threshold  of  civilisation,  has  remained  in  later  times  so  generally 
ttnknown  as  Socotra.  Situated  on  tho  highway  of  traffic  to  the  East 
by  way  of  Suea  and  tho  Eed  Sea,  it  is  almost  invariably  eighted  by 
steamers  maldng  for  or  from  the  Gulf  of  Aden,  and  thus  to  thoso  who 
nave  pasE^ed  along  this  route,  its  locality,  or  at  least  its  name,  will  be 
known.  T(j  the  scientific  world  it  has  been  familiar  as  the  country 
of  a  kind  of  aloes^  the  deaignation  of  which  as  Sodotrine,  has  by 
some  been  traced  to  the  name  of  the  island.    But  to  the  majority  of 
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lieople  its  eiistetice  and  ita  name  are  sJike  unknown,  or  at  most  it  is 
■mocmted  in    vague  sort  of  way  with  the  East  ludiss. 

The  causes  for  this  are  not  difficult  to  discoTer,  As  the  extreme 
outlying  land  in  this  region  of  the  Indian  Ocean,  the  island  Is  ©ipoeed 
to  the  full  blast  of  the  monBoons,  however  they  blow,  aud  poeseesitig  no 
harbour  in  which  &  ship  can  at  all  times  ride  safely  at  anchor,  it  olfers 
no  iudncements  to  ships  seeking  shelter.  Then  the  currents  which 
sweep  past  its  shores  run  with  consideralde  force  into  the  Gulf  of  Aden, 
and  there  have  been  several  shipwrecks  on  it,  as  well  as  on  the  African 
coast  adjacent— the  high  hills  of  the  island  being  easily  mistaken 
for  the  mainland^  and  vice  versa — and  navigation  in  its  vicinity  is 
altogether  somewhat  hazardous.  It  is  not  surprising,  therefore,  that 
passing  Teseels  avoid  the  island  aa  much  as  possible.  Moreover 
the  want  of  intercourse  with  the  island,  and  consequent  ignorance 
regartiing  its  inhabitants,  have  given  currency  to  various  rumours  not 
f.mmrable  to  their  character,  which,  though  quite  unwarranted,  yet 
have  had  their  iuSuene^  in  preserving  Socotra  a&  a  virgin  and 
oneiplored  Island  in  the  pathway  of  civilisation. 

Its  position  on  the  direct  route  to  India  is  one  of  far  too  much  im- 
portance to  havo  allowed  its  remaining  so  neglected  had  any  natural 
advantages  obtained  pennitting  of  its  being  utilised,  or  had  there 
been  no  obstaclefi.  Strategically  valuable  as  is  Aden,  our  station  in 
this  region,  its  barren  waterless  soil  would  place  it  at  a  great  dis- 
advantage compared  with  an  island  possegeing  a  rich  soil  and 
plentifal  wator-Bnpply,  snch  as  Socotra,  did  it  posspss  the  other 
elements  necessary  for  becoming  a  military  station.  But  it  has  been 
triad  and  found  wanting.  Its  history  shows  how  at  various  periods 
its  importance  has  been  recognised,  and  certainly  its  present  back- 
ward  condition  can  hardly  be  aecribed  to  want  of  attempts  to  settle  or 
to  colonise  it* 

The  CArly  history  of  Socotra  is  of  considerable  interest.  The  island 
eeooii  to  have  been  know^  to  Europeans  at  an  early  period  under 
the  name  of  DiosccHs  or  2}io8eorida, — a  name  traced  by  some  to  a 
Sanskrit  root  signifying  "  abwlo  of  bliss  " ;  by  others  to  two  Arabic 
words  meaning  "  island  of  dragoa's-hlood  "  (kdUr  being  the  Arabic 
name  for  this  gum-resin).  This  name  was  apparently  applied  at  first, 
not  to  the  one  island  we  now  know  as  Socotra,  but  to  the  whole 
aichipelago  of  which  it  is  a  member.  But  possibly  there  is  an  old 
fefSmDce  to  the  island  under  another  name.  The  disputation  that  has 
tak<en  place  about  the  identifieation  of  the  various  spots  from  which  in 
earliest  times,  as  recorded  in  the  Old  Testament  and  on  Eastern 
monum^ts,  incense,  myrrh,  and  other  like  Rubstances  were  derived, 
is  well  known*  The  coantry  of  the  8ab»ans  and  of  the  Queen  of 
ghelm  is  still  far  from  being  a  settled  qtiostiou.  Now  on  the  Beir- 
el-Baliari  monument  at  Thebes,  erected  by  Queen  HataBOu  in  the 
eighteenth  dynasty*  there  are  roprcsentations  showing  the  com- 
miawmer  of  the  queen  giving  over  the  sea  to  the  country  of  Poun 
and  of  To  Ntdert  and  bringing  bock  thcref]x»m  amongst  other  things 
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plants  beaiing  Ana^  wWcli  is  etiown  as  a  gum-resin  in  the  form  of  tears 
on  tbe  stt^ms  of  amall  trees-  Tbe  famous  ^gypfcqlogiat  Mariette  bas 
recently  identified  tlie  land  of  Poun — Pliny's  country  of  the  Troglo- 
dyte & — with  SomiiU-landj  the  name  being  proserred  in  the  modem 
Mennah^  imd  tho  To  Nutor  of  the  inscriptions  is,  in  his  opinion,  the 
Sacred  Islanda  of  Pliny,  and  the  modorn  archipelago  including  Socotrs, 
This  identification  would  make  tho  historical  record  of  Socotra  a  very 
ancient  one.  How  far  the  scientific  evidence  supports  such  identificfi- 
tion  is  referred  to  subsequently. 

The  author  of  the  *  Peri  plus  of  the  Hrythrean  Sea  *  refers  to  it  afi 
a  desolate  island  in  habited  by  a  mixed  population  of  Arabs,  Indians, 
and  Greeks,  all  speaking  Greek,  who  had  come  tbither  in  search  of 
gi'^ftin,  and  carried  on  a  trade  with  tlio  West  Coast  of  India  and  with 
Mokba.  The  island  ia  frequently  mentioned  by  the  early  Arab 
geographers,  M-bo  account  for  the  Greek  population  by  tho  story, 
which  Colonel  Yule  considers  a  myth,  that  Alexander  the  Great, 
acting  on  the  adrice  of  Aristotle,  settled  an  Ionian  colony  there,  in 
order  to  cultivate  the  aloe.  They  further  state  that  tbe  Greeks  and 
other  inbabitantB  were  converted  to  Christianity,  and  that  clergy 
fi^m  Persia  regularly  visited  the  island.  The  population  at  this 
time,  a  few  ceutnries  after  the  Christian  era,  is  put  down  by  some  at 
OS  much  as  10,000,  the  majority  of  w^hom  are  deeeribed  as  Kestorian 
Christians  and  pirates. 

In  tbe  time  of  Marco  Polo,  towards  the  end  of  tbe  thirteen  th 
century,  tho  island  was  a  metropolitan  see  of  the  Nesborian  Church. 
Many  sbipe  visited  the  island,  all  vessels  for  Aden  tuncbing  there, 
and  the  trade  was  mainly  in  ambergris,  cotton  stuffs,  and  salt  fish. 
The  people  had  tho  reputation  of  being  enchanters,  and  of  being 
able  at  will  to  raise  tbe  wind,  to  bring  back  ships,  and  to  produce 
etomis  and  disastera. 

Although  so  miscd  a  population  lived  on  the  island,  yet  from  the 
earliest  times  it  appears  to  have  been  under  tho  rule  of  the  Mahra 
trilie,  dwelling  on  the  opposite  coast  of  Ambia,  whose  sultan  or 
sheikh  lived  at  Kesbin, 

In  1603  Fernandez  Poroira  discovered  it  for  the  Portnguosc,  at 
which  time  an  Ai-ab  sheikh  lived  in  a  fort  at  Zoko  (modem  Suk),  then 
the  capital  of  the  island ;  but  it  was  not  until  1507  that  Trisijin  da 
Cunha  and  Albnqerque  tjjptured  tho  island  for  the  Portuguese. 
After  four  years'  occupancy  the  Portuguese  retired  from  the  iiidand, 
leaving  abundant  traces  of  their  presence.  The  remains  of  a  fort  on 
Hadibii  pbiin,  and  at  varioas  places  on  the  8.  and  B.W,  sides  of  the 
island,  are  most  substautial  ruins.  Besides  in  these,  their  influence  is 
possibly  seen  iu  such  names  of  places  as  Derafonta  and  in  Foraigey, 
the  name  of  ono  of  the  mined  forts,  which  may  bo  Fcringee.  And 
indeed  tbe  dialect  of  Socotra  may,  it  is  thought  by  some,  owo  part  of 
its  peculiarity  to  a  Portngneae  basis.  Moreover,  at  tho  present  time, 
a  If^ge  ^tion  of  the  inhabitants  of  tho  hill-region  of  the  island 
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claim  direct  descent  from  tho  Portuguese,  About  this  dato  the 
cbiLracicr  of  the  Christiamty  had  somewhat  chaugudf  ni&d  tho  doctrines 
of  the  Jacobite  eoct  were  prolosBod. 

Tho  eToctiatioii  of  the  island  by  the  Portuguese  allowed  a  retnm 
of  the  Sultaa  of  Keshin,  and  iu  his  hands  it  has  ever  since  remained, 
with  the  exception  of  a  short  occupancy  on  three  Bevoral  oecasiotis  by 
a  foreign  race — in  1538  by  tho  Turks,  in  1800  by  the  Wahabbee^j 
ftud  by  the  British  from  1834  to  1839. 

Althon^  the  ehips  of  tho  East  Indian  Company  frequently  called 
at  the  isliuid  duniig  the  seven  teen  th  centuryj  some  meeting  with  & 
friendly  r^ption,  others  finding  the  reverse,  and  canned  on  a  snio-U 
trade  in  aloes  and  dragon'ts-blotMl  (the  stormy  weather  seems  always 
to  hftve  been  a  source  of  dread),  it  was  not  until  the  year  1800  that 
affiurs  in  the  East  directed  the  attention  of  tho  British  Oovemmcnt  to 
Soeotia  as  a  desirable  poBSeesion,  and  the  commander  of  tho  naval 
station  in  that  region  was  direcbed  to  Beize  it.  This  was  not  done, 
and  it  was  not  until  1834  that  the  necessity  for  a  coaling  stntion 
induced  the  Indian  Government  to  survey  the  island.  This  was 
accomplished  by  Captain  Haines  and  Lieutenant  Wellsted,  and  the 
TO«nlt  of  the  survey  being  satisfactory,  tho  Govemraent  attempted  to 
buy  the  island,,  but  failing  to  do  so  it  was  seized  in  1835  by  Indian 
lroo]p8*  Aden  having  been  taken  in  1839,  and  being  more  suitable 
is  ft  coaling  depot,  Socotra  was  abandoned. 

The  exploration  of  the  island  by  Wellstod  supplied  ns  with  tho 
fiist,  and  indeed  until  now  onlj  detaOed  account  of  tho  island,  its 
people,  and  productions.  The  only  available  chart  at  present  is  the 
ouB  made  during  this  eiploration,  and  it  is  most  imperfect. 

After  the  abandonment  by  the  British  in  1839  there  is  but  scant 
record  of  Europeans  visiting  the  island.  In  1847  the  French  ex- 
ploring brig,  Duc&nadiCf  under  Captain  Guillain,  and  with  the  cole- 
litmted  French  collector  Boivin  on  board,  touched  at  the  island  for  a 
few  days ;  but  except  for  an  occasional  pJ  tip  wreck  bringing  it  into 
notiee  one  reads  nothing  about  the  island  until  1876,  when  a  prospect 
of  its  being  occupied  by  another  power  caused  tho  British  Govern- 
ment  to  turn  attention  to  Socotra*  with  tho  result  that  in  that  year  a 
treaty  was  concluded  with  the  Sultan,  by  which  ho  binds  himself,  and 
his  hairg  and  snccessors,  amongst  other  things,  to  protect  any  vesael, 
foreign  or  British,  with  the  crew,  passengers,  and  cargo,  that  may  bo 
wi«bked  on  the  island  of  tiocotra  or  its  dependencies,  and  he  receives 
itt  annual  stipend  of  360  dollars  for  this."  The  "  other  things,"  it  is 
Ttnderstood,  include  a  promise  never  to  cede  Soc^>tra  to  a  foreign 
power,  or  to  allow  a  settlement  on  it  without  consent  of  the  British 
Government.    Thus  the  Bultan  becomes  a  feudatory  of  Britain. 

The  attention  of  naturalists  had  long  been  directed  to  Bocotra  as 
a  field  for  investigation  whence  rich  resnlts  might  be  ohtaiJied^  and 
Captam  Honter,  who  had  visited  the  island  in  coimection  with  tho 
coaidiiding  of  the  treaty  just  mentioned,  luving  brought  back  most 
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©noounigtiag  Recounts,  Dr.  Solnter  in  1878  bronght  the  matter  pro- 
niincntly  before  tbo  BritiKh  AHSociation  for  tbe  Atlvancenjcnt  of 
Seiencij,  and  tbe  Committee  of  tbe  GoTornmont  Fund  for  Scieatific 
Bc«earcb,  witb  the  result  that  a  certain  sum  of  money  wna  obtained, 
aod  a  committee  oppointed  to  take  Bteps  for  the  exploration  of  tbe 
Katural  History  of  tbe  ifiland. 

VariouB  cauBes  delayed  the  pending  out  of  the  eipedition,  and  it 
was  not  until  January  1880,  that  I  left  tkis  country^  rttiiming  asjain 
in  Aprils  having  epent,  with  two  companions— Lieutenant  CkickbuTU, 
6th  Koyala,  whose  regiment  was  at  Aden,  and  Alexander  Septt,  a 
gardener  from  tbe  Royal  Botanic  Garden,  Edinburgh,  who  accoiO' 
panied  me  from  England  —  nearly  seven  weeks  on  tbe  island. 
Although  BO  long  a  period  elapsed  between  the  evacuation  of  tbe 
island  by  tbe  British  and  tbe  date  of  our  expedition,  yet  we  were 
followed  in  the  succeeding  year  by  the  German  traveller  and  botanist 
Dr.  Sehweinfurthj  who  with  three  com  pan  ions— MM,  Biebeck,  Eoseet, 
and  Mantay— -spent  five  weeks  on  Socotra.  Thus,  after  an  interval 
of  forty  years,  the  island  hm  been  explored  in  two  auecessive  jears. 

8ucb  is  a  brief  historical  accoimt  of  the  island  up  to  tbo  present 
time.  And  I  may  now  give  a  short  account  of  tbe  government  and 
people, 

Tbe  government  of  tbe  island  la  in  the  bands  of  tbe  Sultan  of 
Kesbiu  and  Socotra.  At  present  two  brothers  are  joint  Sultans,  and 
one  liYes  at  Keflbin,  tbe  other  reeidee  in  Socotra,  They  are  nephews 
of  the  one  who,  in  1634^  refused  to  eoU  the  island  to  the  BrItiBb. 
Tbe  Sultan  has  complete  sway  in  Socotra,  He  has  a  residence  on 
Gbarriab  plain,  at  tbe  base  of  tbe  Haggler  hills^  and  baa  also  a 
palace  in  Tamarida,  where  be  dispen see  justice.  Under  him,  each  of 
the  large  villages  has  itf»  sheikh  or  head,  and  the  island  is  divided  into 
four  sectioufi,  each  of  which  is  in  charge  of  a  ranger.  The  Sultan 
alone  has  power  to  inflict  punishment.  In  each  section  the  laud  is 
let  out  to  tbo  various  tribes  of  Bedouins,  both  for  pasture  and  for 
tbe  collection  of  gum,  payment  therefore  being  made  in  ghi.  The 
Sultan  reserves  for  himself  one  portion  of  land  for  the  collection  of 
dragon's-blood. 

The  trade  of  the  island  at  present  ia  small,  ghi  being  the  chief 
export.  It  ia  carried  on  by  bnggalows  from  the  Arabian  coast. 
*•  Those  arrive  in  tbe  first  months  of  the  year  with  coffee,  rice,  and 
other  articles,  which  they  exchange  for  ghi,  aloes,  oreholla,  weed,  dtcj 
which  they  take  to  Zanzibar^  and,  on  their  return,  tbey  bring  coco- 
nut,  bombe,  and  American  pieoe-goods.  They  dispose  of  as  many  of 
these  as  possible,  and  toke  outwards  ghi,  aloes,  dragon's-blood, 
blankets,  <Scc,,  and  return  to  Arabia*  PearUfishors  from  the  Persian 
Gulf  at  times  visit  tbe  island  and  dispose  of  their  pearls.  The  Sultan 
takes  tithe  of  all  exports.  From  ghi  bis  revenue  is  about  500^, 
aloes  bring  him  250j?,  edah  gives  80S,  other  sources  bring  it  up 
to  1000 a  year,  which,  with  his  stipend  of  3G0^  from  tbe  Britisbj 
makes  him  a  comparatively  rich  man  in  this  region." 


The  extent  of  the  populatioD  it  impoBsibU  to  CRtimate^  aa  so 
many  people  live  in  caves,  and  one  only  oocftflionftllj  comes  across  the 
wmidcring  inhabitants  of  tho  hill  region.  The  number  has  hoen  sat 
down  aa  low  as  4000  and  m  high  as  10,000, 

In  speaking  of  the  people,  the  dwellore  on  the  shore  must  bo  dis- 
tingniehed  from  those  on  the  hills.  The  former,  who  are  a  mixed 
population  of  Ambi,  Indians,  and  Africans  of  various  tribes,  live  in 
small  towns.  Of  the^e  the  chief  one  is  Tamarida,  on  the  extend ve 
Ha^ibu  plain  at  the  base  of  the  Haggler  range  of  hills.  It  is.  the 
capital  of  the  island,  and  consists  of  a  number  of  stone  and  lime 
houses,  of  tho  ordinary  oonistruction  seen  in  Arabia,  all  plastered 
ontdde  of  a  dazzling  white,  and  Bitrrounding  a  large  one,  which  is 
ihd  Sultan's  palace.  Around  the  town  is  a  douao  date-grove.  There 
is  ft  mosqao  and  well -filled  graveyard  in  the  c*!ntr©  of  the  town,  Tho 
untnber  of  inhabitanta  is  set  down  at  about  400.  Kadhab  is  another 
village,  lying  on  a  eandy  spit  east  from  Tamarida.  The  houses  here 
are  of  the  eame  character  as  at  Tamarida,  and  there  iB  a  mosque. 
GoUonsir,  at  the  west  end,  is  a  penal  settlement,  and  has  but  few 
bonsea.  Formerly,  tho  capital  of  tho  i aland  was  Buk^  at  tho  east  edge 
of  the  Hadilm  plain,  but  it  was  destroyed.  There  are  nmuerous  smaU 
villages  all  alotig  the  coast  line,  but  the  throe  mentioned  are  the  chief 
towns* 

The  oecnpation  of  the  residents  in  these  villages  is  mainly  fishing. 
They  cnltivate  email  tracts  of  ground  near  their  houses,  but  are,  as  a 
rnlo,  idle.  The  population  too  is  somewhat  changing,  many  going 
off  in  trading  buggalows  to  Zanzibar  or  the  Arabian  coast. 

Tho  inhabitants  of  the  hills,  "  Bedoxuns,"  as  they  are  called,  are 
Vfiry  different  people.  They  are  regarded  as  the  aborigines  of  the 
island,  and  alone  possess  any  great  interest  ethnological ly.  They 
are  mostly  troglodytes,  but  here  and  there  live  in  small  huts,  with 
stone  and  lime  walls  and  roofed  with  date-palm  leaves.  They  are  a 
most  peaceable  race  of  people,  and  are  divided  into  numerous  families 
belonging  to  a  few  principal  tribes.  A  study  of  these  tribes  would 
well  repay  the  time  and  trouble  spent  upon  it.  Captain  Kn titer  says : 
**  The  *  Karshin,'  who  inhabit  the  western  end  of  the  island,  claim  to 
be  doseendants  from  the  Portuguese.  The  *  Momi,*  who  reside  in  the 
«ttetem  end  of  the  island,  are  said  to  trace  descent  from  the  aborigines 
and  the  AbyBHinianB ;  whilst  the  '  Camahane,'  who  live  in  Haggier 
and  the  hills  above  the  Hadibu  plain,  claim  to  arise  from  the  inters 
marriage  of  the  aborigines  with  tho  Mahri  Arabs  from  the  opposite 
oo«st.  Whatever  b©  their  origiu,  cortain  is  it  that  the  hill  people 
have  a  very  distinct  appearance.  Many  of  them  are  tall  and  flne^lj 
made,  the  men  with  broad  shoulders,  lean  flanks,  and  stout  legs, 
reminding  one  very  forcibly  of  the  European  build*  Thin-lipped 
ftnd  itraight-featured,  they  have  straight  black  hair.  The  women 
ftre  many  of  them  very  good-looking^  somewhat  resembling  gipsieB, 
bttt  they  have  rather  large  hands  and  foeL" 

The  men  wear  a  loin-cloth,  one  end  of  which  is  commonly  thrown 
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over  the  Bhoulder,  nBually  with  a  kiiifo  stuck  in  the  waist,  and  thoj 
invariably  carry  a  Btick,  The  women  hayo  the  ordinary  Arab  blua 
skirt,  iu  most  cejms  kilted  at  the  knees  and  oontiniieci  round  the  waiet 
by  a  girdle.  In  aorne  caseSj  however,  they  iraprovieo  a  petticoat  of 
the  coar&e  hlattkets  they  ihemBelvas  weave,  and  wc^tr  on  the  upper 
part  of  the  body  a  loose  tunic  with  ehort  filet^vefl.  They  go  unveiled. 
The  women  wear  the  hair  dene  up  in  two  plaita  which  hong  down 
their  hack,  hut  in  front  the  hair  is  cut  to  form  a  short  fringe  on  the 
forebeiid.  Their  ornaments  are  few.  The  men  oftcm  wear  an  armlet 
of  silver.  The  women  have  necklets  of  amber,  glaes  beads,  dragon'a- 
blood  tears,  or  in  some  cases  rupees,  and  have  also  the  ordinary  Arab 
silver  armlet  and  ear-rings. 

The  occupation  of  those  people  is  chiefly  pastoral.  Their  herds 
and  flcKika  are  extensive.  From  the  milk  they  make  quantities  of  ghi 
by  a  simple  process  of  churning — merely  continuous  jerking  of  the 
skin  mussockfl— and  they  mil  it  to  the  Arabs  of  the  coast,  or  exchange 
it  for  rice,  dates,  or  other  necessaries.  They  collect  also  dragon's- 
blood  and  aloes,  but  the  latter  only  iu  great  amount  when  pasturage 
faUs  them.  The  women  spin  a  coarse  thread  &om  the  sheep's  wool, 
which  they  weave  into  blankets. 

Old  voyagers  speak  of  horses  being  used,  but  there  are  none  now. 
The  cattle  are  small  and  have  no  hump.  Immense  herds  are  fonnd 
at  the  eastern  end  of  the  island.  The  sheep  are  all  fleeced,  but  there 
are  none  of  the  Berbera  kind.  Of  goats  there  arc  some  in  a  wild 
condition.  The  camels  are  much  smaller  than  those  at  Aden  and 
elsewhere  in  Arabia,  and  are  able  to  cHmb  like  goats ;  many  are  kept 
for  milking.    Asses  roam  wild  in  herds  all  over  tho  island. 

Of  plants  cultivated  on  the  island  the  most  important  is  the  date< 
palm.  Every  stream  on  the  inland  is  lined  hy  groves  of  them,  and 
tho  fruit  is  used,  both  ripe  and  unripo.  Melons  are  grown,  as  also 
email  onions.  Little  cereal  culture  is  indulged  in.  Here  and  there, 
on  the  hills  beside  a  stream,  a  small  enclosure  of  "  bombe  "  (jowari) 
may  be  seen,  but  the  inhabitants  are  too  lazy  to  cultivate  to  any 
extent,  the  watering  requiring  too  mnch  labour.  Only  in  ono  spot 
was  there  observed  an  attempt  at  irrigation. 

These  hill  people  live  very  miserably.  Milk  forma  a  largo 
portion  of  their  diet.  Bombe  is  mod  when  grown.  Rice  is  obtain L'd 
from  the  coast  Arabs.  Date  is  a  staple  of  food.  On  great  occasions 
a  sheep  or  a  kid  is  killed. 

The  furnishing  of  their  dwellings  is  very  meagre.  Blankets  are 
their  couches.  Goat-skin  mussocks  are  used  for  water  and  milk 
They  have  also  oar  then  wore  potSj  moulded  by  the  hand  out  of  the 
days  and  lime  of  adjucent  rocks. 

Their  language  is  peculiar.  Captain  Hunter  says  of  it :  "I  could 
traco  no  affinity  to  any  of  the  languages  of  the  neighbouring  coasts. 
It  sounds  a  little  like  Kis  Swabili,  but  not  so  soft.  It  is  not  Mahri, 
for  the  Bui  tan  said  it  in  no  way  resembled  it.  The  sound  is  not  so 
guttural  as  Arabic,  and  geems  to  require  less  effort  in  enunciation." 
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Bctmalis  do  not  understand  it.  Welleted  says  the  pf^oplo  of  tbe 
opposito  Arabian  coast  understand  it,  but  tliat  in  not  the  case. 
^t'rLaps  Portuguese  may  have  had  BOroething  to  do  witli  it.  Others 
in  it  a  Phoooician  basis. 
"  Beligion  sits  lightly  on  a  Bedouin.  All  are  Mossulmen,  but  they 
})ray  when  they  have  an  audience,  and  oven  in  the  varj  act  of 
tratioii  they  will  turn  round  and  join  in  the  convereation,  and 
continiie  tlieir  devotiona  until  the  re(^aifiite  outward  obsoryancefl 
been  eompleted." 
The  fact  that  the  Wahabbe^s  vieited  the  ieland  accounts  probably 
tt  the  absence  of  the  many  churches,  or  traces  of  tbem,  said  to  exist 
times  on  the  island.  Wellsted  observed  some  ruins, 
to  be  of  a  church.  There  are,  however,  still  evident  the 
forta  of  the  Portuguese.  The  largest  of  these  is  at  Feraigcy. 
wfitteu  records  have  been  frmnd ;  possibly  each  would  disappear 
[sloug  with  the  oburehes.  Wellsted  speaks  of  inscriptions  on  the 
rocks  being  visible.  None  of  these  were  seen  by  us.  But  on  the 
Ksulhab  plain  there  occurs  a  broad  pavement  of  liluestono,  60  yards 
l«ug  by  25  to  30  yartls  broad,  whereon  numerous  hieroglyphics  are 
cut*  The  figures  are  not  in  line,  and  do  not  give  the  idea  of  any 
continuous  seutcDce,  and  they  lie  at  all  angles  to  one  another  and 
at  varying  distances.  Some  resembl©  fwt-imprintSj  others  distinctly 
represent  a  camel,  otherg  are  like  St,  Andrew's  cross,  others  arc  of 
most  irregular  form. 

Tiie  physical  features  of  tbe  island  may  now  be  noticed. 
The  surface  features  of  Socotra  at  the  presffut  time  are  tbose  of 
an  island  mountainoas  in  the  extreme.  The  shore  line  on  its  sonthem 
aspect  is,  aA  the  map  show;;^  a  tolerably  continuous  one,  unbroken  by 
deep  inlets  or  bays.  Uu  the  northern  side  occur  a  few  shallow  bays 
at  the  mouths  of  the  streams,  which  afford  the  only  nnchorage  to  bo 
obtftined  around  the  island^  but  no  one  of  them  is  safe  at  all  sessons 
ot  the  year.  On  all  sides  the  hills  rise  with  constderoble  abraptoesa 
a  wide  area,  forming  bold  perpendicular  clitfs  of  several  hundred 
fbot  in  boight,  whoso  base  is  washed  by  tbo  waters  of  the  Indian 
Oeem ;  but  at  other  places  leaving  plains  TAiyiug  in  breadth  up  to 
ii  tnucb  as  five  miles  between  thdr  base  and  the  shore.  On  the 
toutb  side  of  the  island  is  the  largest  of  these  shore  plains— Nogatl — 
wtucb,  extending  nearly  the  whole  length  of  the  islnnd,  is  for  miles 
aovered  with  duties  of  blown  saud.  On  the  north  these  plains  occur 
duefly  at  the  mouths  of  the  streamy  and  are  the  sites  of  the  only 
flaeei  which  may  be  called  towns. 

Thvt  internal  hilly  part  of  the  island  may  be  roughly  and  shortly 
damilied  as  a  wide  undulatiDg  and  intersected  limestone  plateau  of 
ta  altltiidfl  averaging  1000  feet»  which  ilanks  on  the  west,  south,  and 
east  m  uucleus  of  granitic  peaks  over  4000  feet  high.  The  whole 
of  lluB  billy  region  is  deeply  cut  into  by  ravines  and  valleys. 
TliM  m  the  rainy  season  are  occupied  by  roaring  torrents,  but  tbd 
B^fortty  of  them  remain  empty  during  the  dry  season.  There  are. 
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however,  many  perennial  fitreams  on  the  island,  espociallj  in  the 
Gontral  gmiiitic  region,  tvliere  amongBt  the  hills  tho  most  chftrming 
hubbUng  bums  dashing  over  boulders  in  a  Beriea  of  cascades,  or 
purling  gontly  over  a  pebbly  shingle,  make  it  hard  to  believe  that 
one  is  in  such  proximity  to  the  desert  region  of  Arabia.  Few  of  th® 
perennial  streams  reach  the  shore  in  the  dry  ioason^ — most  of  them 
are  fiamaras. 

The  eastern  end  of  the  island  m  most  deetitnte  of  water.  Here 
in  the  dry  season  are  no  rivers,  and,  springs  being  rare,  it  ifi  the  most 
arid  region. 

The  geology  of  the  island  is  not  very  compleiX.    The  ftrnda- 
mental  rocks  are  gneigeefi,  both  homblendie  and  granitoid,  belonging, 
like  thoBc  of  north-west  Scotland  aod  of  north-eaet  America^  to  the 
earliest  ArchsDon  age.    These  crop  ont  on  the  hill  slopes  and  in  the 
valleys  but  do  nut  as  a  rule  form  the  exposed  higher  parts  of  tho 
island.    Through  this  fundamental  mass  cut  felspathie  granitea  of 
varying  texture,  and  containing  little  besides  quarts  and  felspar,  which 
form  the  central  nucleus  of  fantastic  peaks,  the  highest  part  of  tho 
island.    Cutting  through  both  tho  forcmentioned  series  we  have  other 
granitic  rocks,  such  as  minctte,  feleite,  rhyolite,  and  also  basalt  and 
diorites,  in  mauy  places  forming  largo  dykes,  and  in  others  e3i;enfiive 
lava  flows.    Tho  centres  of  ejection  of  these  rocks  it  is  im possible 
now  to  determine,  and  possibly  many  of  thent,  as  in  the  case  of  the 
Tertiary  voleanic  rocks  of  East  Hindnstan,  have  been  discharged,  not 
from  cones,  but  as  outfit )ws  from  fiesuree*   Towartia  the  south-east 
end  of  the  island  we  fijid  them  in  greatest  abundance,  and  exhibiting 
a  very  fluid al  character.    The  date  of  the  eruption  of  these  rocks  wai 
certainly  pte-miocone.    An  indurated  shale  (argillite)  is  found  in 
some  localities,  notably  on  Hadibu  plain,  and  with  it  a  Little  6and> 
stone  of  uncertain  date,  but  probably  representing  the  weU-known 
Nubian  sandstone  of  carboniferona  age.    Over  all  comes  a  capping  of 
limestonG^  formiug  plateaux  over  wide  areaa,  rising  in  abrupt  clife  two 
or  three  huudred  feet  high.    It  is  generally  of  a  yellowish  or  whitiBh 
colour,  compact,  and  sometimes  slightly  dolomitised.    It  containa 
numerous  foraminifera,  which  prove  it  to  be  probably  of  Middle 
Tertiary  age,  or  rather  later  than  that  of  Sinai  and  the  Arabian  shorea 
of  tho  Ked  Sea.    The  surface  of  the  limestone  over  extensive  district! 
is  rotted  and  broken  into  a  jt^gcd  surface,  over  wbicb  progression 
is  by  no  means  easy,  whilst  at  other  spots  it  forms  broad  smooth 
ftlabs.    Subsequent  to  the  laying  down  of  the  limestone  there  occurred 
further  volcanic  disturbance^  and  the  limestone  is  cut  through  by 
dykes  of  basalt  and  compact  trachyte  of  late  Tertiary  age. 

The  soil  resulting  from  such  petrological  conditions  is  eorr&- 
spondingly  varied,  correlated  with  which  is  a  varying  character  in 
vegetation  and  scenery. 

In  the  valleys  on  the  banks  of  the  stream,  especially  in  the  gnnitto 
region,  a  deep  rich  red  soil  is  found,  and  where  there  is  water 
perennially  it  is  covered  by  a  luxuriant  growth.    As  the  limestone 
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oe^mpoeea  the  g^reater  part  of  its  superficies  tbo  plateau  appears  barretit 
Where,  tioweTcr,  the  limestane  bae  rotted,  a  series  of  nooks  and 
crevices  occur,  in  whicb^  inhere  a  «oil  has  collected,  ati  Ah^y 
Kaltmeko^  or  other  sticculctit  finda  a  congetual  habitat  But  upon  the 
limeBtone  plateau,  eepeciallj  at  the  eaaterti  and  western  enda  of  the 
island,  ocear  depressions  varying  in  width  from  some  hundred  jards 
np  to  a  mile  or  more,  girt  on  every  side  by  a  cavemotis  limestone 
cliff,  with  perhaps  a  narrow  outlet  th rough  it  at  one  or  more  points. 
These,  which  have  all  the  appearance  of  lagoons,  or  at  least  of 
enclosed  water-basiuB,  are  floored  now  by  a  rich  red  soil  on  which  a 
crop  of  coarse  grass,  small  herbs,  and  low  trees  vegetatea.  On  the 
shore  plains  the  ^il  is  light  and  sandy « 

In  itfi  climate  Socotra  contracts  favourably  with  the  adjacent  shores 
of  Arubia  and  Africa. 

iHiring  the  N.E,  tDoneoon,  froto  October  to  April,  it  is  cooL 
January  and  February  are  the  most  pleasiant  months.  But  during 
the  T«Bt  of  the  year  it  is  esceedingly  diBagreeable.  Eain  falls  twioft 
in  the  year,  at  the  changes  of  the  monf^ns,  at  which  time  the  stream* 
ocmrBeii  are  filled  with  mighty  torrents.  The  temperature  of  course 
fims  much  with  the  altitude^  and  one  may  pass  in  the  course  of  a 
few  honrs  from  the  tropical  heat  of  the  shore  plains  to  the  cool 
temperate  air  of  the  mountain  ranges.  The  average  temperature  on 
the  plains  in  January  is  said  to  be  about  70°^  but  in  the  hotter 
mon&a  is  as  much  as  86*^.  But  on  the  plateaux  the  temp^ratnre  at 
nighta  often  goes  down  to  52°,  The  higher  peaks  are,  at  least  in  the 
cold  season,  frequently  enshrouded  in  mists,  and  at  night  very  heavy 
dewe  fall.  The  climate  on  the  hills  is  very  healthy ;  but  on  the 
pl&iDs,  especially  at  the  changes  of  monsoons,  fever  is  prevalent 

Of  2oological  features  one  of  the  most  striking  is  the  paucity  of 
indigenoofl  mammals.  The  antelopes  and  rodents  of  the  adjacent 
OonliiieBta  are  absent  from  Socotra,  and  there  are  but  two  mammals 
indigeoans:  a  bat — of  which,  unfortunately,  we  did  not  obtain  a 
ipecimen — and  a  civet  cat.  This  latter  is  a  type  widely  dispersed  in 
Bonth  Asia  and  tropical  Africa.  Bats  and  mice  occur  in  the  villages^ 
but  are  probably  introdnced.  Birds  are  plentiful,  so  are  lizards, 
uud  there  are  some  snakes.  The  rivers  are  stocked  with  fish,  and 
m  them  crabs  are  also  found  in  abundance.  Land  moUusca  are,  as 
might  be  expected,  frei^iient,  and  the  whole  island  teems  with  iosect 
lif«. 

Considerable  interest  at^hed  to  an  ijivestigation  of  the  avifauna 
of  Socotra.  It  is  well  known  that  in  several  Indian  Ocean  islands 
lavgia  so-ealled  wingless  birds  formerly  existed,  several  of  which  have 
llMoaie  extinct  within  recent  historical  time.  The  Epiornis  of  Madft* 
gwcar,  the  Dodo  of  Mauritius,  the  Solitaire  of  Bodrigue;^  are 
examples.  Yagiie  rumours  credited  Socotra  with  the  poBsesaion  of  a 
didiEie  bird  of  like  character ;  Wellsted  in  his  account  of  the  island 
mpmk&  of  tt  OS  a  Caa&owari.  Of  such  a  bird  no  traces  exist  at  present, 
nor  oonld  any  legendary  reference  to  such  a  bird  be  discovered. 
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As  at  present  known,  tho  avifnttaa  iDclados  fortj-tliree  spocies. 
On  the  shores  we  find  gwllB  and  herons,  on  the  streama  wUtl-dnck  and 
plovers,  tho  date-groves  are  tenanted  hy  doves  and  pigoonsj  whilst  all 
over  tho  island  weaver-birds,  chats,  shrilfea,  sunbWa,  and  sparrows 
abounds  Gnckooa  and  falcons  are  occaslDnally  met  with,  whilst  in  the 
vicinity  of  habitations  the  soaveng^r-hawk  of  the  East  and  a  carrion 
crow  are  ready  to  perform  their  oMoea*  A  faw  qnail  occur  on  the 
plains*  All  the  birds  except  the  PassereSj  Pieariofe,  and  Oolumbs, 
are  of  wido  distribution.  The  Passores  are  the  most  numerous  of  all, 
and  include  eight  Bpecies  not  known  from  other  regiims,  and  two  of 
thcso  belong  to  a  new  type  of  sparrow — Ehj/tichostndhm—ish&v&o^ 
terified  by  tho  massive  form  of  its  bili  Tho  eunbird,  as  might  bo 
expected,  is  new^  and  is  of  interest  from  haviug  no  metallic  colouring 
on  its  plumage,  A  small  lark  on  the  plains  has  a  poculiar  plaintive 
note,  but  the  song-bird  of  the  island  is  a  new  starlings  its  melody 
ccjnalling  that  of  a  thrush. 

The  snakes  of  the  island  are  very  peculiar*  Of  the  four  speoiea 
known  three  are  endemic,  and  two  of  them  are  so  dietinct  aa  ** 
form  new  genera  with  Asiatic  and  Mediterranean  alliances  ra^er 
than  African^  tho  fourth  is  the  same  as  one  brought  by  Tristram 
from  the  shores  of  tho  Dead  Sea. 

Great  interest  always  attaches  to  tbo  land  and  fresh-water  mollnsoa 
of  a  large  and  anciont  island,  and  in  this  feature  Socotra  is  not  dii- 
apiM>intitig ;  for  a  very  large  proportion  of  tbe  flhells  are  endemic, 
and  of  tlie  genera  to  which  they  belong  some  havo  a  very  instmctiva 
distrihiation.  Thus  Otopoma  is  reBtrieted  to  the  East  African  island* 
and  Arabia,  Liihidion  has  tho  same  area  but  extends  to  India, 
Cpdotopsis  is  represented  outside  Soootra  only  in  India  and  the 
Seychelles  J  whilst  TropidopJiora  is  known  from  Madagascar  alone. 

In  all  other  animal  groups  interesting  alliimces  of  similar  natni^ 
are  discoverable. 

On  account  of  our  scanty  knowledge  of  the  fauna  of  Soeotra  and 
our  still  slighter  ftcquaintanco  with  that  of  tho  adjacent  mainland,  it 
is  impossible  to  estimate  the  proportion  of  tho  endemic  part  of 
the  fauna.  But  what  wo  do  know  shows  very  clearly  the  strong 
African  facios  and  relation  to  the  faunas  of  the  other  African  (EosQ 
islands,  and  at  the  samo  time  indicates  the  occurrence  in  great  furco  of 
Arabian  and  S,W.  Asiatic  forms  as  well  as  a  clear  strain  of  Indiazi 
and  Eastern  resemblances. 

Tho  vegetation  of  tho  island  varies  in  aspect  with  the  character  of 
the  rocks.  Starting  from  tho  shore  one  finds  no  representative  of  & 
marine  phmnogamio  vegetation,  although  in  the  stagnant  brackish 
waters  at  tho  mouths  of  the  streams  naiads  occur.  Tlie  coagt  is  not 
favourable  for  seaweods,  being  too  shingly  and  sandy* 

On  the  dry  sandy  plains  the  vegetation  typical  of  the  desert 
regions  on  tho  mainland  reigns;  small-loavod,  stunted*  and  woody 
bushes  and  herbs,  often  so  rigid  as  to  become  spiny,  or  floshy 
plants  without  foliage4eaveB  prevail.    Aromatic  odours  are  a  marked 
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featurd  of  many  plants,  and  also  the  octjnirance  of  gumB  and  reemB, 
which  in  some  caaes  ajj|>ear  as  natoral  eiudationa  in  the  form  of 
teufs.  The  common  desert  characteristics  of  a  glaucotis  grey  colors^ 
lion  or  ik  ha  by  pnbeBceiice  n^ark  also  many  of  the  plants.  The  flora 
of  thifl  region  is  indeed  thoroughly  that  of  the  Arabo-Saharan  type, 
finch  genera  being  abundant,  aa  Fagmia^  Oieome^  jf?rua,  Farsetia, 
BaUamodendrmj  Anti^liaris^  Breweria^  &c. 

Leaving  the  plains,  and  passing  to  the  hill  filopea  and  Talleye, 
plant  life  ifl  more  Tigoi-ous,  but  in  no  place  snfficiently  bo  to  call  for 
the  designation  of  forest,  nor  is  there  anything  in  the  way  of  fine 
timber.  But  in  the  vaUeya,  wherever  there  Ib  any  degree  of  moiBtiire, 
itnall  trees  of  some  20  to  25  feet,  with  smallot  Bhmbs  packed  so 
deoisely  to  exclude  the  light  from  above*  linked  together  by  far- 
reaching  lianee,  and  underlain  by  a  thick  nnder-acmb  of  fern  and 
herb,  make  an  almost  impenetrable  thicket,  and  produce  a  verdure 
quite  tropical  in  its  luxuriance.  In  this  district  the  type  of  flora  is 
of  the  general  tropical  old-world  type,  having  ropresentAtives  of 
finch  genera  as  Grewia,  Ormomr^um^  IHchroBtachjs^  DirkM^tia^  Lasio- 

Once  out  of  the  valleys  and  upon  the  plateaus  the  scene  is 
aafientiBlly  different.  Wide  barren  stretcheB  of  grey  limestone  extend 

00  0very  side  unrelieved,  save  by  an  isolAted  Dracfena,  or  tree- 
Euphorbia  of  fitifl:  erect  habit,  looking  like  the  remnant  of  the  vegeta- 
tion of  some  old  geological  epoch  {  or  where  a  lake-like  depression, 
with  its  brown  earth  sparingly  coated  with  green  herbage,  intorvenea* 
And  againf  reaehing  the  higher  altitudes  on  the  granitic  range,  the 
vegetation  impresges  one  at  once  with  its  sub- temperate  character. 
The  arborescent  type  has  almost  entirely  disappeared.  Shrubby  com- 
pofiitcs  finch  as  species  of  Paiadia^  Plmhea^  and  Eleima  are  found, 
ami  quaint  types  such  as  those  of  Thamnomna  Nirartiihamnos 
{VmheUiferm)^  Cephaherotorif  Dorslenia^  Adenhm,  &c.,  are  frecjuent. 
Twiggy,  narrow-leaved  herbs  form  a  dense  deep  carpet  on  the  soil, 
interrupted  here  and  there  by  a  protruding  lichen-covered  bouldor, 
«nd  for  all  the  world  like  the  covering  of  heather  on  a  Scottish  moor ; 
whilst  within  the  shade  of  the  boulders,  or  in  the  moisture  of  the 
overhanging  cliSs  in  the  ravines,  bright  green  herbs,  such  as  species 
of  Qalittm  and  G^fptophila^  nestle  ia  beds  of  liverwort  and  moss,  so  that 
it  would  require  no  very  great  effort  to  believe  one  was  eiploriog  an 
Alpine  crag  in  a  temperate  region. 

The  flora  is  a  pretty  extensive  ona  It  comprises^  m  we  know  it, 
somewhere  abont  600  species  and  varieties  of  PhflenogomSi  20  species 

01  VoBcnlar  Oyptogams,  whilst  Cell  alar  Cryptogams  number  about 
800  cpocieB.   The  extent  of  the  flora  is  thus  900  to  1000  species. 

Amongst  Phienogams  the  proportion  of  Monocotyledons  to  Dicoty- 
ledons is  as  1  to  6,  a  proportion  somewhat  smaller  than  is  usual  in  a 
ktO|iMl  island  flora,  but  this  is  due  possibly,  not  to  the  absence  of  the 
IhbmTi  but  because  collectors  have  usually  visited  the  iilaml  wh«u 
thef  m  mt  showing  above  ground. 
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Of  the  families  most  mameronsly  repreaented,  L€gumino$(B  ftod 
Qtamin&B  ea.dh  otnbra.ce  about  1-1 1th  of  the  whole  Phfenogams,  mid 
they  are  closely  followed  by  OompositcE  (about  1-1 4th),  Acanthacm 
and  EuphorhidcecE  (each  about  l-20th),  and  Oifperace(E  (about  l*25th). 
Orchid^iE  are  ropreBouted  by  bat  od6  species.  XtcAenei  are  mofll 
aiimeroufl  of  Collular  Cryptogams* 

The  flora  of  a  continental  island  such  as  Soootra  is  in  the  main 
interesting  in  connection  with  the  geographical  distribution  of  plants 
and  the  working  out  of  the  history  of  their  migrations  over  the  face  of 
the  globe.  But  in  tho  flora  now  under  discussion  thero  are  a 
number  of  epecial  features  in  individual  plants  well  deserving  of 
attention,  and  I  may  now  notice  some  of  them. 

Of  plants  striking  as  having  brilliant  flowers  may  be  noted  the 
Adeniumj  from  which  Aden  is  said  to  derive  its  name ;  a  tuberous 
Begonia^  which  has  been  introduced  into  horticulture ;  a  fragrant 
Crinumy.  epociea  of  Exacim^  Muellia^  JasTnimm,  Ac.  Few  wild  plants 
yield  edible  fruits.    The  jujube  is  alone  abundant. 

On  morphological  grounds  there  falls  to  be  noticed  firstly  Ben- 
drcmieyoB  Bocoirana^  known  to  tho  inhabitants  as  the  camhane  treei 
a  new  genue  of  Cucurbitftco».  This  plant  differs  from  the  ordinal 
characters  in  being  a  tree  with  a  stem  often  four  or  five  fe#^t  in 
diameter  at  the  base,  rapidly  tapering,  and  forming  a  very  soft  joicy 
wood.  Another  plant  of  interest,  on  morphological  grounds,  is  a 
email  tree  bearing  a  fruit  like  a  pomegranato,  but  instead  of  having 
the  double  row  of  carpels  characteristic  of  the  true  Punica  gramtum^ 
there  is  but  a  siugle  whorl.  Can  this  be  the  primitive  typo  of 
the  Pomegranate  ?  Another  morphologically  intcrosting  plant  is  a 
Menisperm,  a  Cocculue,  which  differs  from  the  ordinal  type  in  being  a 
hard  erect  nndorshmb,  with  cladodes  and  short  spiny  branches. 

Of  plants  interesting  for  their  products  we  have  several  in  Socotra, 
Amongst  them  the  first  place  is  claimed  by  the  Dragon's-blood  trea^ 
Bramna  Cinnahari,  The  dragon's-blood  of  commerce  at  the  present 
time  is,  as  is  well  known,  the  product  of  Calamus  Braco  of  Sumatra. 
But  the  Socotran  gum-resin  is  the  old  Knva^ttpi  mentioned  by  Dioa- 
oorides.  It  is  known  on  the  island  as  edah ;  amongst  the  Arabs  it  is 
hdttr*  The  plant  is  endemic,  and  nearly  allied  to  the  B,  Braeo  of 
Teneriffe,  From  the  other  gum-resin-prodneing  species,  B,  (hnbet 
of  Abyssinia  and  B*  Bckhanthi  of  Somali-land,  of  which  we  have  as 
yet  but  imperfect  knowledge,  it  is  apparently  quite  distinct.  The 
gum-resin  exudes  in  tears  from  the  stem  of  the  tree,  and  is  collected 
after  the  rains ;  tho  gatherer  chipping  off  the  tears  into  goat-skina. 
There  are  three  forms  in  which  the  gum^resin  is  exported.  Of  these 
edah  ain^elio — the  tears  as  thoy  exude  from  the  tree — is  the  purest 
and  most  valuable  form  ;  2^  lbs.  fetch  one  doUan  The  second-best 
kind  is  called  edah  dtJckah  It  consists  of  the  small  chips  and  &ag- 
mcnts  of  the  tears  which  have  been  broken  off  in  separating  the  gnm^ 
tears  from  the  tree,  or  by  attrition ;  it  sella  at  otie  dollar  for  4  Ibe. 
The  cheapest  is  the  edah  nuJcdehaht  which  brings  a  dollar  for  6  Ibe^ 
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and  18  i?ery  impure.  It  is  in  tLe  form  of  fitnall  flat- sided  masses,  and 
ootigiste  of  fragments  of  gum-resiiL  and  refuse  of  the  gatherings 
melted  together  into  a  fUt  Cftke,  and  tJion  broken  up  into  smaller 
portions. 

Of  other  gum-resiii*prodiicing  trees  on  the  islBod,  the  frankincense 
and  myrrh  trees  must  be  noticed*  I  ha^e  already  referred  to  the  dis- 
cusfiLO|^  that  has  taken  pla^  regarding  the  incense  country  of  the 
ancienta.  The  Hadramant  c^untrj  is  the  incense  region  par  e^ccellence^ 
and  to  its  kings  Socotra  is  said  to  have  been  subject.  But  Socotra 
is  identiBed  on  ethnological  grounds  by  Marie t to  as  the  "  To  Tfutor  '* 
of  the  Thebao  monnmeDts,  the  **  Sacred  Island "  of  Pliny,  and 
the  **  Isles  of  tho  Sc^  "  of  the  Old  Testftment,  Now  we  find  tho 
genuH  BoiaeUia^  which  yields  frankincense  (olibanum),  represented  in 
ooootim  by  nQ  leaa  than  three  species,  all  of  whieh  are  endemic^  and 
pasdbly  there  is  a  fourth,  and  as  there  are  only  three  other  known 
species  of  the  genua,  all  of  which  save  one  are  Somali-laud  plants,  the 
proptirtion  occurring  in  Socotra  is  very  large.  The  commonest 
&aukinoense  in  the  island  is  the  ameero^  bat  it  is  not  much  exported. 

Of  myrrh  plants  Bocotra  possesses  no  less  a  share.  Besides  the 
Bahamodendron  Mukul  which  yields  the  '* Indian  bdellium*' — the 
f^oogtil  or  mukul  of  the  Arabians, — there  are  probably  five  other  species 
of  the  genus  on  the  islands  Possibly  one  of  these  is  the  Arahiaa 
B.  <^p€)bahamuvif  the  true  myrrh  plant.  The  myrrh  collected  is 
termed  Uggehen^  and  is  said  to  be  exported. 

So  far  then  as  the  occurrence  of  ^ukincense  and  myrrh  pro- 
ducing trees  is  evidence^  Socotra  may  well  be  the  To  Nuter  of  Theban 
moQUments ;  for  probably  no  area  of  equal  extent  has  so  many 
peostHar  forma. 

Probably  the  most  important  plant  of  the  island,  go  far  as  pro- 
ducts are  eoncerued,  is  the  Aloe  Perryi  which  yields  the  **  Socotrino 
aloes''  of  commerce.  The  gum  is  known  as  tdyef  by  the  natives; 
the  Arabs  call  it  sobr.  Although  this  kind  of  aloes  has  been  so 
long  known,  and  has  the  reputation  of  being  finer  than  either 
Barbodoes  or  Cape  aloes,  it  is  only  within  the  past  few  years  tliat  the 
character  of  the  plant  has  been  made  known.  It  grows  abundantly 
on  the  island,  especially  on  the  limestone  plateanx.  The  collection 
of  the  gimi  is  a  very  simple  process,  and  can  be  accomplished  at  any 
season.  The  collector  scrapes  a  slight  hollow  on  the  surface  of  the 
ground  in  the  vicinity  of  an  alo€-]>lant,  into  which  he  depresses  the 
oemtre  of  a  small  portion  of  goat-skin  spread  over  the  ground.  The 
leaves  of  the  aloe  are  then  cut  and  laid  in  a  circle  on  the  skin,  with 
the  cut  ends  pn^jecting  over  the  central  hollow.  Two  or  three  layers 
are  arranged.  The  juice,  which  is  of  a  pale  amber  colour  with  a 
BWeet,  slightly  mawkish  odour  and  tjistOj  flows  from  the  leaves  into 
thd  goat-ekin.  After  about  three  hours  tho  hmvcs  are  exhausted ; 
the  pkin  is  removed  from  beneath  them,  and  tho  contained  juice 
transferred  to  a  mussock.  Only  the  ohler  leaves  are  used.  The 
juioe  thus  collected  is  of  a  thin  watery  clmracter^  and  is  known  as 
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idyef  rhihOf  or  watery  aloes.  In  this  condition  it  ia  exported  to 
Muscat  and  Arabia,  and  soils  for  three  dollars  tLo  skin  of  30  Ibe* 
By  keoping,  however^  tho  aloos  ehangee  in  character,  Aft^  a  n^onlli 
tho  juico  gets,  by  loss  of  water,  denser  and  more  viscid ;  it  is  then 
known  aB  iayef  geshemhahf  and  is  more  Yaluable^^  skin  of  30  lb«- 
fetchiog  five  doUars ;  whilst  in  about  fiftoon  days  more — that  ia, 
about  fiii  weoke  after  collectioD — it  gets  into  a  tolerably  haitl  solid 
nmes,  and  is  then  tdyef  koBahul,  and  is  worth  scYcn  dollars  a  skin 
of  30  lbs.    In  this  last  condition  it  is  csommonly  esportod. 

Tboro  is,  as  I  liavo  said,  no  forest  on  the  iHland,  and  yet  there  iji 
one  small  tree^  or  large  shrub,  which  may  be  of  Bome  vain©  eom- 
morcially.  It  is  the  niiiaifmt  a  kind  of  box-treej  Bu^^  Hild^andiu 
It  was  first  found  by  Hildebrandt  on  the  Somali-land  hills.  It  fornix 
a  bard,  compact  wood,  and,  I  doubt  not^  might  bo  usctl  for  many  of 
the  pu  rpose  a  for  which  box  wood  is  so  valuable  at  tbe  present  time* 
It  iu  abundant  on  tbe  island,  and  Hildebrondt  reported  it  f^ry 
common  in  Somali-land.  I  did  not  bring  bome  sufficient  apeeime&s 
to  allow  of  an  erperimental  trial  of  this  ag  a  material  for  woodcats 
or  other  purpoees,  I  learn  from  Dr.  Schweiufiirth,  that  he  has  seut 
some  to  Berlin  to  bo  tried  in  this  way*  Should  the  wood  prore 
serTieeablo,  it  requires  no  apccial  mentioD  to  indicate  bow  mluabk 
this  product  may  become,  in  view  of  the  exhaustion  of  the  boxwood 
forests  (of  which  wo  hear  so  much)  in  the  S,E.  of  Europe. 

Many  planta  are  used  on  the  island  for  the  purposes  of  dyeing. 
But  of  these  the  only  one  that  need  be  here  referred  to  is  the  orcbell*.. 
weed  {Roccellii  tinftoria).    Occurring  in  abundance,  it  was  fonuerl^ 
exported  in  great  quantity*    It  is  known  as  ahmnah. 

Surveying  the  flom  from  the  poijit  of  view  of  its  relations  and 
development,  we  shall  consider  the  PhB^nogams  alone*  The  limita- 
tion a  of  genera  and  specie b  amongst  Cellular  Crypiogamft — the 
Thallophytes  in  particular— are  so  uncertain  that  they  afi'ord  do  ba^s 
for  comparisons.  And  I  must  also  state  that  in  making  statistic^  esti- 
mates of  the  relations  of  the  fiora^  one  can  only  do  so  in  the  most 
general  way,  as  our  knowledge  of  the  flora  itself  is  not  complete^ 
and  then  we  know  so  very  little  of  that  of  the  adjacent  mainlands. 

Of  the  600  species  and  vaiieties  of  Pha^nogams,  which  are  com- 
prised in  Bl  natural  order s,  and  in  321  genera,  about  200  are  endemio^ 
i.  e.  endemic  species  are  to  non-endemic  ones  in  the  proportion  of  aboo? 
1  to  3,  This  proportion  is  greater  than  is  found  in  the  BeycbcUe* 
fiora,  and  in  that  of  the  MaE^careue  Islands,  but  it  is  less  than  in  tfa« 
Madagascar  flora,  wherein  Mr.  Baker  makes  the  proportion  nearly 
1  to  2*  The  endemic  species  and  varieties  are  referable  to  143  gener% 
and  of  these  a  proportion  to  the  whole  geuera  of  the  flora  of  about 
1  to  16  is  endomic.  This  is  large  compared  with  some  other  Indian 
Ocean  Islands,  but  falls  far  short  of  Madagascar,  where  it  is  1  to  7. 

The  species  which  are  not  endemic  are  almost  all  referable  to 
genera  of  considerable  dispersion,  and  of  the  speeiea  themselves  we 
find  that  about  l>4th  are  cosmopolitan  in  the  Tropics,  nmny  of  them 
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weeds  of  cultivation.  A  large  proportion,  abont  l-3rd,  are  specieg 
belonging  to  Tropical  Africa  and  Tropical  Asia,  Tb©  greater 
number  of  tbese  are  limited  to  tbe  plain  region  of  North^East 
Africa,  and  South- West  Asia,  rcaehing  as  far  as  Scindh  and 
AfghamstaD,  and  there  forming  part  of  the  great  desert  flora.  But  a 
few  extend  into  the  Indian  Poninsnla  itself,  even  reoeh  the  Malay 
Archipelago,  or  spread  into  Australia  (the  latter  form  about  1-1 3th  of 
the  whole  third).  Westwards  we  flud  an  exteuaiun  of  a  considerable 
proportion  of  this  third  (abont  l-8th),  i^aseing  to  the  Mediterranean 
region  and  the  Canary  Islands,  whilst  some  (about  l-6th)  reach  the 
Cape  de  Yerde  Islands.  Of  the  remainder  of  the  non-endomic  flora, 
a  fair  proportion  (about  l-16th)  are  found  in  Tropical  Africa  alone, 
chiefly  in  Abjesinia,  and  a  smaller  proportion  (about  1-SOtb)  are 
natives  of  Asia,  chiefly  Arabia,  but  are  not  African,  A  few  are  re- 
stricted to  South  Africa*  a  few  are  Indian  alone,  one  is  Maacarene 
and  Indian,  and  one  Qorgoniau. 

In  tLe  endemie  flora  we  find  many  plants  of  Tery  antiqQated 
types.  These  occur  especially  on  the  bill  regions  of  Haghier.  Such 
are  Braceena^  tree  Euphorbm,  Mury^^a^  Aloe^  Thamnornna^  Chcculm, 
Bmdroncjfm,  &c.  We  find  also  a  fair  number  of  genera  whose 
iBftxiiiiiiiii  development  takes  place  in  temperate  regiuns.  Of  the 
geaeriioom pricing  this  flora  about  2-5ths  have  a  wide  tropical  range,  a 
&ir  number  are  common  to  Tropical  Africa  and  Asia,  and  a  few  are 
ehiefly  Moditerranean.  Amongst  those  having  restricted  diBtribution 
mfty  be  noted  three,  Direrakll^iy  Tavemiera  and  AmsoieSf  which  are 
■mall  genera  of  the  plains  of  South-Weet  Asia.  Qnnpylanthm, 
mrmeoted  at  Aden,  ha^  a  single  Bpeeies  in  tbe  Capo  de  Verde 
Imnds.  Three  genera  are  eBsentially  Tropical  African — Cephah- 
erolort,  Eiireiavdm,  and  Camptoloma^  and  of  these  the  last  two  are 
ditypic  and  found  only  in  Angola.  Graderia  and  Babiana  arc  genera 
noi  found  beyond  the  limits  of  South  Africa ;  whilst  lAMiocarys  ia  a 
Soath  African  genus  having  a  siugle  representative  in  Abyssinia^  and 
Mmjm  ia  a  South  African  one,  with  one  species  in  Arabia. 

The  only  purely  Indian  genus  is  the  ditypic  Priotroph. 

The  occurrence  iu  Indian  Ocean  islands  of  restricted  New  World 
tj^em  or  of  forms  related  to  these  is  a  remarkable  and  well-known  fact 
43l  distribution.  We  have  for  example  the  Sapolaceoua  Labourdonnatsia 
nfraeutad  in  Natal,  Maeearene  Islands,  and  Cuba ;  the  Laurineous 
0cot4a  with  representatives  in  Canary  Islands,  South  Africa,  and 
Midigaicar,  its  main  distribution  being  American  ;  and  the  Rodri- 
gnesian  M^ihurina  with  its  nearest  ally  the  Central  American 
EThliehia,  In  Boeotra  we  have  illustrations  of  the  same  peculiarity. 
The  liutaceons  genus  Thamnmtna  is  otherwise  represented  in  Calt* 
fomia  by  one  specieB  and  in  Texas  by  another,  and  its  occurrence  is 
the  more  rBmarkable  as  with  the  exception  of  Peganum  it  is  the  only 
gi^na  of  true  Hues  found  in  the  New  World.  Amongst  the  endemio 
genera  we  have  a  like  feature,  for  the  Verbonaceous  Ccelocarpum  ia 
alueet  oongtmerio  with  the  tropical  and  sub- tropical  Americaa 
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CUharescjjhit.  And  the  Geraniaceous  Dirachma  has  its  nearest  affinities 
in  the  WmdtkcB  and  ViviantecE  of  Chili  and  Peru. 

To  eummaris©  the  fejituroB  presented  by  the  Pheanogamic  flora  of 
the  Island  of  8ocotra,  we  may  say  : — 

1.  It  is  that  of  a  continental  inland  and  presents  featores  of  greftt 
antiquity. 

2.  EelatiT©  proportion  of  orders  to  genera  and  of  these  to  spedei 
is  large, 

3.  There  are  few  annuals* 

4.  It  possesBes  much  individuaKty  and  further  exhibits  three 
distinct  olomontB,  (a)  of  a  dry  parched  region,  (i>)  of  a  moister  tropical 
region,  (c)  of  a  cooler  and  more  temperate  region, 

6,  Its  affinities  are  eefientially  Tropical  African  and  Asian,  but  the 
A&ioan  element  predominates,  and  in  the  African  element  we  find  in 
great  force  the  features  of  the  flora  of  th©  mountainous  region  of 
Abyaeiniii^  West  Tropical  Africa  and  South  Africa,  and  also  of 
Madagascar,  This  element  of  the  flora  too  is  that  of  the  higher  regions 
of  the  island  (c  of  the  last  paragraph). 

6.  The  flora  of  the  dry  region  is  the  typical  Arabo-Saharan* 

7.  The  flora  of  the  moister  tropioal  region  is  that  of  the  Old 
World  tropics  generally. 

8.  There  are  a  few  Indian  and  American  types. 

It  may  not  be  out  of  place  to  conclude  these  introdnctory  remarks 
with  a  reference  to  what  may  be  learned  from  the  biological  and 
physical  features  of  the  past  history  of  the  island  and  the  changes  it 
has  undergone,  and  the  way  in  which  the  features  as  we  now  see  them 
baye  eome  to  be. 

The  position  of  the  island  would  a  priori  lead  one  to  expect  that  it 
had  formerly  been  a  part  of  Africa.  This  it  undoubtedly  has  been, 
but  its  separation  from  the  mainland  is  of  some  antiquity.  It  is 
indeed,  with  Madagascar,  to  be  regarded  as  the  remains  of  a  greatly 
advanced  African  coast-line  at  a  remote  period.  This  connection 
with  the  mainland  explains  the  general  African  affinities  of  its  fauna 
and  flora;  but  there  remains  the  problem  of  the  South  and  West 
African  relations  for  elucidation.  Tho  botanical  features  of  Ainca 
have  long  excited  investigation  and  speculation.  The  Cape  flora,  as  is 
well  known  J  is  one  of  a  very  old  and  highly  specialised  type,  and  in 
Kor thorn  Africa  and  Western  Europe  there  are  umny  plants  in  the 
flora  which,  as  Mr.  Beutham  has  pointed  out,  are  very  nearly  allied 
to  oorresponding  Oape  species.  Again,  on  the  east  side  of  Africa 
one  flnds  on  the  Abyssinian  hills  and  the  range  stretching  souths 
a  vegetation  distinctly  South  African.  Further,  on  the  Cameroon 
Mountains  and  Fernando  Po  there  are  not  taany  characteristic 
Cape  types,  but  what  there  are^  are  identical  with  species  of  the 
Abyssinian  hills.  The  relations  and  similarities  of  the  floras  of 
these  different  regions  would  all  seem  to  point  to  the  conclusion 
first  promulgated  by  Sir  Joseph  Hooker,  that  tho  South  African 
flora  has  been  continued  along  the  highlands  of  East  Africa  from 
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Natal  to  AbyBsima,  and  la  li^e  manner  that  ihem  was  a  connec- 
tion between  the  westam  region  about  Bia&a  and  the  AbysBinian 
district.  It  would  app^  probable  that  at  a  time  when  the  tropical 
zone  was  much  cooler  than  it  now  is,  the  northera  forms  of  plant  life 
8pread  over  South  Africa,  but  with  the  diminution  of  the  cold  of  the 
glacial  epoch  they  were  driven  back  and  retreated  north  wards  >  a  fow 
types  left  on  the  higher  regions  being  the  only  evidence  of  the 
invasion  aod  the  flurrivors  of  the  hordes  oitingnishedi  Thus  at  the 
preifitjat  day  on  the  higher  laads  of  Abysginia,  West  Africa,  and  in 
South  Africa,  we  have  the  fragmentary  traces  of  the  extension  of  an  old 
A&ican  flora^  and  of  this  flora  Socotra  wonld  appear  to  exhibit  on  its 
bills  the  most  north-easterly  limit,  just  as  Madagascar  and  perhaps 
the  Mascarene  lalands  show  the  most  easterly  extent»ion. 

The  Africiin  affinities  being  m  explained,  what  of  the  Indian  and 
Asiatic  ?  The  higher  lovel  of  the  land  necessary  to  nnite  Socotra 
■Jid  Vadagascar  with  the  Afiric-an  continent,  if  continued  over  ft 
aiigbtly  wider  area,  would  produce  some  interesting  changes  in 
stu&oe  features.  Africa  wonld  be  joined  to  Arabia,  the  Persian  Gulf 
wcmtd  cease  to  exist,  and  th&  Tigris  and  Euphrates,  united  in  one 
slreani,  would  pour  their  waters  through  a  delta  occupying  much  of 
the  Arubian  Sea,  and  through  which  also  the  Indus  would  debouch. 
Thus  a  means  of  transit  for  the  migration  of  Indo-Malayan  types 
wonld  be  afforded.  That  some  such  connection  aa  this  did  formerly 
exist  all  evidence  conclusively  shows,  and  that  by  this  route  migration 
took  place  is  equally  certain,  and  we  have  thus  an  explanation  of 
Indo-Malayan  affinities  in  Suootra  and  in  Africa,  without  calling  in 
the  aid  of  the  now  untenable  hypothesis  of  an  "  Indo^ Oceania  "  or 
**Lemnria,"  making  a  complete  laud  surface  over  what  is  now  the 
Indian  Ocean.  Whatever  be  the  date  of  the  variations  in  level  ^vhich 
brought  about  tho  present  surface  features  in  this  region,  it  is  clear 
that  the  separation  of  Africa  from  Asia  and  the  formation  of  the 
■traits  of  Bab^el-Mandeb  took  place  before  the  final  isolation  of 
Socotra. 

Australian  aSnitiee  are  explained  on  the  same  lines  as  are  the 
Astatic ;  but  when  we  corae  to  deal  with  the  American  we  touch  a 
matter  of  which  at  present  we  can  give  no  adequate  eiplanstiou. 
That  the  many  forms  identical  generically  in  the  Indian  Ocean 
Islands  and  in  America  are  sprung  from  one  stock  of  great  antiquity 
must  be  admittodf  but  whether  the  migrations  which  have  led  to  their 
occurrence  now  in  such  antipodean  regions  wero  directed  in  an  easterly 
Of  in  a  westerly  direction,  is  one  of  those  problems  of  which  wo  have 
cot  yet  the  materials  for  a  solution. 

How  long,  then,  has  Socotra  been  an  island  ?  It  is  difficult,  nay 
impossible,  to  picture  tho  complete  history  of  the  island  from  the 
«ftrlieBl  geological  epochs ;  but  in  brief  some,  such  as  this,  may  be 
■kstGbed.  During  the  Carbomferons  epoch  there  was  in  the  region 
ol  Soootra  a  shallow  sea,  in  which  was  deposited  on  the  top  of  the 
fmdAm^tal  gneisses  of  this  spot^ — which  had  ere  now  been  certainly 
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mucli  Be&taed  and  firacfrcred  by  voloanio  ontburate — the  sandstone  of 
which  we  h&rQ  such  large  deTelopment  in  Kubia,  This  eea  sah- 
seqiiently  dec^pened.  allowing  the  formation  of  the  shales,  which  now 
confititnte  the  argilHte  of  the  island.  During  the  Permian,  8ocotira 
may  havo  been  a  land  enifac^,  fortalDg  part  of  the  great  mass  of  l&nd 
which  probably  existed  in  the  region  at  that  epoch.  In  early  and 
middle  Tertiary  timefii  when  the  Indian  peninsula  was  an  i^hmd, 
and  the  fiea  which  stretched  into  Europe  wished  the  basa  of  the 
Himalayan  hills,  Socotra  was  probably  under  water,  and  tb©  gT«il 
mm^  of  its  limeetone  was  deix)Bited ;  but  it  i&  quite  possible  that  at 
this  epoch  its  higher  peaks  wore  still  above  water*  Thereafter  it 
gradnally  rose,  undergoing  violent  volcanic  distnrbanco,  and  again 
poesibly  became  jmrt  of  the  mainland^  thoagh  it  ia  likely  for  oidy  a 
short  period}  and  subsequently  it  reverted  to  its  inanlar  co&dition,  in 
which  state  it  has  remained. 

An  island,  then,  from  Tertiary  times,  the  variouE  denuding  aganta 
have  during  that  time  sculptured  its  surface  in  the  fantastic  manner 
we  see  at  the  present  day ;  and  the  fauna  and  Bora  have  lost  mmij 
of  the  old  types  which  linked  them  with  tbeir  primitive  Block, 
retaining,  however,  Bome  few  as  records  of  their  origination*  and  at 
the  same  time  have  developed  new  and  replacing  forms,  which  are  in 
their  turn  undergoing  modjfication, 

[B.  B.) 
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GfiOftas  Bubs,  Esq.  F,B>S.  Treaeurer  &nd  Vice-Fieaidtint, 
in  the  Chair, 

Sir  WniiAM  giBMKKB,  D.C.L.  LL,D.  F.B.S.  M,E.I. 
Some  nf  ihe  Quesliont  invoh^  in  l^ar  PhysicB, 

The  lectiiref  introduced  his  subject  by  drawing  attentioo  to  the  cir* 
oumstatice  that  tho  idea  of  tho  »nn  being  m  exceedingly  hot  body 
waa  of  Tery  modem  date ;  that  both  ancient  and  modern  writers  np 
to  the  early  portion  of  the  present  century  attributed  to  him  a 
glorious  and  Bupernfttural  faeulty  of  endowing  us  with  light  and  heat 
of  the  degree  necessary  for  our  well-being  ;  whilst  even  Sir  William 
Hmehel  had  attempto<l  to  find  an  explanation  in  jnetification  of  the 
time-honoured  conception  that  tho  body  of  the  sun  might  be  at  a  low 
temperature  and  inhabitable  by  beings  eiuular  to  onrselTOs,  which  he 
did  in  surrounding  the  iubabitftble  surface  by  a  non-conducting  atmo^ 
TOhere— the  penumbra— to  separate  it  from  the  scorching  influence  of 
tii6  exterior  photosphere. 

It  W4«  net  till  the  views  of  Kant,  the  phtlosopher,  had  been 
developed  by  La  Place,  the  astronomer,  in  his  famous  '  M^anique 
C^'leste,'  that  the  opinion  gamed  ground  that  our  central  orb  was  a 
taam  of  matter  in  a  atate  of  incandesceuce,  represeutiug  snoh  an 
enormous  aggregate  as  to  enablo  it  to  continue  radiation  into  space 
for  au  almost  in  definite  period  of  time. 

The  lecturer  illustrated  by  means  of  a  diagram  the  fact  that  of  all 
th«  heat  radiated  away  from  the  sun,  only  j^^^^-^j^-j^^j^  part  could  fall 
Upon  the  surface  of  our  earth,  Tcgotation  and  force  of  o?ery  kind 
being  attributable  to  this  radiation;  whilst  all  but  this  fractional 
proportion  apparently  went  to  wntite, 

Beoent  developments  of  scientific  research  had  enabled  us  to  'know 
much  more  of  the  constitutien  of  the  enn  and  other  heavenly  bodies 
than  had  formerly  been  [vossible,  Comte  says  in  his  *  Positive 
Philosophy*  (Martincan's  translation  of  1853)  that  amongst  tho 
things  impossible  for  us  ever  to  know  was  that  of  telling  what  were 
the  materials  of  which  the  nun  was  composed ; "  but  within  only 
icven  years  of  that  time  Metisra.  Buusen  and  KirebhoiF  publinhed 
their  famous  research,  showitig  that  by  eoflnecttng  the  dark  Fmim* 
hofer  lincft  of  the  solar  Rpectrum  with  the  bright  lines  observed  in  the 
epectra  of  various  metals,  it  was  possible  to  prove  the  oiistonoe  of 
those  Bubstauoes  in  the  solar  photoRphere,  thus  laying  the  foundation 
of  spootram  aaalysiii,  the  greatest  acliievement  of  modem  science. 
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Dr.  Htiggina  and  othczs,  applyijig  this  mode  of  rosearcb  to  other 
heavetily  bodies,  inolnding  the  distant  nebiiiee,  bad  extended  onr 
clieniical  knowledge  of  thorn  in  n  moasure  truly  marTdlona, 

Solar  obBorvatioa  bod  thua  led  to  an  analytical  method  by  wbicb 
cbemistry  had  been  revolntioniBed  ;  aad  it  would  be,  in  the  lectmTer'f 
opinion,  tbrougb  a>lar  observation  that  we  ehould  attain  to  a  mach 
moTo  perfect  conception  of  the  nature  and  effect  of  radiaot  energy  in 
its  three  forms  of  heat,  light,  and  actinism,  than  we  could  as  yet 
boast  of.  The  imperfection  of  our  knowledge  in  this  respect  wma 
proved  by  the  circumstance  that  whereas  some  astronomerB  and 
physicista,  including  Waterston,  Seccbi,  and  Ericsson,  had,  in  following 
8ir  Isaac  Newton's  hypothesis,  attributed  to  the  sm  a  tomperatiire  of 
eeveral  millions  of  degreea  Centigrade,  others,  including  PQuillet  and 
Vicaire,  in  folio  wing  D  along  and  Petit,  had  fixed  it  below  1500^0, 
Between  these  two  extremes^  other  determinations,  based  upon  di^emit 
asfiuraptions,  had  fiied  the  solar  temperature  at  between  GOjOCW  and 
9000'. 

The  lecturer  having  conceived  a  process  by  which  eolar  ener^ 
may  be  thought  to  a  certain  extent  self-sustainisg,  Lad  felt  mach 
interested  for  some  years  in  the  question  of  solar  tomperature.  U 
the  temperature  of  the  solar  photosphere  ahould  exceed  3000^  C*, 
combustion  of  hydrogen  would  be  prevented  by  the  law  of  di^soeifl- 
tioUj  as  enunciated  by  Hansen  and  Sainte  Claire  Deville ;  and  his 
speculative  views  regarding  thermal  maintenance  must  fall  to  the 
ground.  To  test  the  quegtioD,  he  in  the  first  place  monnted  a 
parabolic  reflector  on  a  helioatat  with  a  view  of  concentr^ating  solar 
rays  within  ita  focus,  which,  barring  comparatively  small  looses  by 
absorption  in  the  atmosphere  and  in  the  metallic  substancse  of  m 
reflector,  should  reproduce  approximately  the  solar  temperature.  By 
introducing  a  rod  of  carbon  through  a  bole  at  the  apei  of  the  reflector 
until  it  reached  the  focus,  its  tip  became  vividly  luminous,  prodociiMH 
a  light  comparable  to  electric  light.  When  a  gag  burner  wiB 
arranged  in  such  a  way  that  the  gas  flcime  played  across  the  focal  tamt 
combustion  appeared  to  be  retarded,  but  waa  not  arrested,  ahowiag 
that  the  utmost  temperature  attained  in  the  focus  did  not  exceed 
materially  that  producible  in  a  Deville  oiy-hydrogen  furnace,  or  in 
the  lectuTer*s  regenerative  gas  furnace,  in  which  the  limit  of  disscNna- 
tion  is  also  reached. 

Having  thus  far  satisfied  himself,  his  next  step  was  to  ascertain 
whether  terrestrial  sources  of  radiant  energy  were  capable  of  imitaling 
solar  action  in  elfecting  the  decomposilion  of  carbonie  acid  and  aq neons 
vapour  in  the  Icaf-colls  of  plants,  which  led  him  to  undertake  a  aeries 
of  reaearches  on  electro-horticulture,  extending  over  three  years,  a 
subject  he  had  brought  before  the  Royal  Society  and  the  Boyal 
Institution  two  years  ago.  By  these  researches  he  had  proved  that 
the  electric  arc  poBsessed  not  only  all  the  rays  necessary  to  plant-life^ 
but  that  a  portion  of  its  rays  (the  ultra-violet)  exceeded  in  intenaitj 
the  eflective  Umit,  and  had  to  be  absorbed  by  filtration  throngb  dear 
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glm,  whicb,  ae  Professor  Stokes  had  eh  own,  produced  this  effect 
without  iniorfereiioe  with  the  jellow  and  other  luminous  and  intenee 
heat  ray&  He  next  endoEYOured  to  ostimato  the  solar  temperature 
by  instituting  a  compariBon  betweon  tbo  spectra  due  to  different 
kBoWD  larniiious  tu tensities.  Starting  with  the  researches  of  Pro- 
fessor Tyndall  on  radiant  energy,  supplemeuting  them  hy  exporimenta 
of  his  own  on  electric  arcs  of  great  power,  and  calling  to  his  aid 
Frofeesor  Longley,  of  the  Alleghany  Observatory,  to  produce  for  him 
ft  complete  spectrum  of  an  Argand  burner,  he  concluded  that  with 
the  temperature  of  a  radiant  aourtce,  the  proportioti  of  luminous  rays 
inereftaed  in  a  certain  mtio ;  whereas  in  an  Argand  gas  humor  only 

per  cent,  of  the  rays  emitted  were  luminous  and  mostly  ted  and 
yellow,  the  most  brilliant  portion  of  a  gas  flame  emitted  4  per  cent., 
*a  shown  by  Tyudall,  the  carbon  thread  of  an  incandescent  electric 
light  between  5  and  6  per  cent.^  a  small  electrio  arc  10  per  cont^ 
ftnd  in  a  powerful  5000-eandl6  electric  ajc  as  much  as  25  per  cent, 
of  the  total  radiation  was  of  the  luminous  kind.  Professor  Langley, 
in  taking  his  photometer  and  bolometer  up  the  Whitley  mountains, 
18,000  feet  high,  had  proved  that  of  the  solar  energy  not  more  than 
35  p«r  eent.  was  luminous,  and  that  the  loss  of  solar  energy  sustained 
between  onr  atmosphere  and  the  sun  was  chiefly  of  the  ultra-Tiolet 
kind«  Theso  rays,  if  they  penetrated  our  atmosphere,  would  render 
vegetation  impossible,  as  proved  by  the  lecturer's  own  eiporimenta 
above  referred  to.  It  was  thus  shown  that  the  temperature  of  the 
solar  photosphere  could  not  materially  exceed  that  of  a  powerful 
electric  aro,  or,  indeed,  of  the  furnaces  previously  alluded  to,  leading 
him  to  the  conclusion  already  foreshadowed  by  Sainte  Claire  DevillCi 
and  accepted  by  Sir  William  Thomson,  that  the  solar  temperature 
oonld  not  exceed  3000''  C.  The  energy  emitted  from  a  source  much 
exceeding  this  limit  would  no  longer  be  luminous,  but  consist  mainly 
of  ultra-violet  rays,  rendering  the  sun  invisible,  but  scorching  and 
dAetmetive  of  all  life.  The  accompanying  diagram  (Fig.  1)  of  the 
spectra  alluded  to  shows  clearly  the  gradual  advance  of  the  luminous 
band,  as  marked  by  the  letters  A  to  H« 

Not  satisfied  with  these  inferential  proofs,  the  lecturer  had  andea- 
Toured  to  establiah  a  definite  ratio  between  temperature  and  radiation, 
which  formed  the  subject  of  a  very  recent  oommunicatiou  to  the  Koyal 
Society.*  The  experiment  coueisted  in  heating,  by  means  of  an  electrio 
eturent,  a  platinara  or  iridio- platinum  wire,  a  metre  long,  and  sus- 
pended between  binding  screws^  as  ^own  in  the  accompanying 
aketch  (Fig.  2) ;  the  energy  of  the  current  was  measured  by  two  instru- 
ments— an  eleotro>dynamometer,  giving  it  in  amperes,  and  a  ^Ivano- 
meter  of  high  resistance  giving  the  electro-motive  force  between 
llie  same  points  in  volts.  The  product  of  the  two  readings  gave 
tbe  volt*amp^res,  or  Watta  of  energy  cunimnnicated  to  the  wire,  and 
di^iersed  from  it  by  radiation  and  convection.   A  reference  to  the 
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leotnrer^B  paper  on  the  Electrical  Beeistaxioe  Thermometer,  which 
formed  the  Bakerian  Lecture  of  the  Boyal  Society  in  1871,  would 
show  that  the  varying  electro-motive  force  in  volts  observed  on  tbe 
galvanometer  was  a  trne  index  of  the  temperature  of  the  wire  while 
being  heated  by  the  passage  of  the  current.  By  combining  his  former 
experiments  on  the  dependence  of  resistance  upon  temperature,  with 
his  recent  one,  a  law  of  increase  of  radiation  with  temperature  was 
established  experimentally  up  to  the  melting-point  of  platinum ;  this, 
when  laid  down  in  tbe  form  of  a  diagram,  gave  very  consistent  results 
expressible  by  the  simple  formula 

Kad»»  =  Uf  +  (f>t, 

M  being  a  coefficient  due  to  substance  radiating ;  an  expression  repre- 
sented in  the  accompanying  diagram  (Fig.  3),  in  which  the  abscissao 
represent  energy  dispersed  and  the  ordinates  the  corresponding 
temperatures. 

Sir  William  Thomson  had  lately  shown  that  the  total  radiating 
energy  from  a  unit  of  sur&ce  of  the  carbon  of  the  incandescent  lamp 
amounted  to  -^jth  part  of  the  energy  emitted  from  the  same  area  of 
the  solar  photosphere,  and  taking  the  temperature  of  the  incandescent 
carbon  at  1800°  C.  (the  melting-point  of  platinum,  which  can  just  be 
heated  to  the  same  point),  it  follows  in  applying  Sir  William  Thom- 
son's deductions  to  the  lecturer's  formula  that  the  solar  photosphere 
does  not  exceed  2700°  0.,  or,  adding  for  absorption  of  energy  between 
us  and  the  sim,  about  2800°  0.,  a  temperature  already  arrived  at 
by  the  lecturer  by  a  different  method.  The  character  of  the  curve 
was  that  of  a  parabola  slightly  tipped  forward,  and  if  the  ratio  given 
by  that  curve  held  good  absolutely  beyoud  the  melting-point  of 
platinum,  it  would  lead  to  the  conclusion  that  at  a  point  exceeding 
8000°  C.  radiation  would  become,  as  it  were,  explosive  in  its  character, 
rendering  a  surface  temperature  beyond  that  limit  physically  difficult 
to  conceive. 

Olausius  had  proved  that  the  temperature  obtainable  in  a  focus 
could  never  exceed  that  of  the  radiating  surface,  and  Sainte  Claire 
Deville  that  the  point  of  dissociation  of  compound  vapours  rises  with 
the  density  of  the  vapour  atmosphere.  Supposing  interstellar  space  to 
be  filled  with  a  highly  attenuated  compound  vapour,  it  would  clearly 
be  possible  to  effect  its  dissociation  at  any  point  where,  by  the  concen- 
tration of  solar  rays,  a  sufficient  focal  temperature  could  be  estab- 
lished ;  but  it  was  argued  that  the  higher  temperature  observable  in  a 
focal  sphere  was  the  result  only  of  a  greater  abundance  of  those  solar 
vibrations  called  rays  within  a  limited  area,  the  intensity  of  each 
vibration  being  the  outcome  of  the  source  whence  it  emanated :  thus, 
in  the  focal  field  of  a  large  reflector  tbe  end  of  a  poker  could  bo 
heated  to  the  welding-point,  whereas  in  that  of  a  small  reflector  the 
end  of  a  very  thin  piece  of  wire  only  could  be  raised  to  the  same  tem- 
perature. If,  however,  a  single  molecule  of  vapour  not  associated  or 
pressed  upon  by  other  molecules  could  be  sent  through  the  one  focus 
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or  the  other,  dissociation  in  obedience  to  Deville's  law  must  take  place 
iircspectire  of  tlie  focal  area ;  bat,  inasmncli  as  the  single  solar  raj 
represented  the  same  potential  of  energy  or  porifni  of  vibration  as  nume* 
rous  rays  associated  in  a  focUH,  it  seemed  reasonable  that  it  flhould  bo 
&&  capable  of  dealing  with  the  ieolated  molecule  as  a  mere  accumulatioii 
of  the  same  within  a  limitefi  space,  and  jniigt  therefore  poesoBS  the 
Bame  disaociating  inflnenco.  Proceeding  on  Uiese  premises,  the  lectnrer 
had  procured  tubes  filled  with  highly  attenuated  vapours,  and  had 
observed  that  an  exposure  of  the  tubes  to  the  direct  solar  rays  or  to 
the  arc  of  a  powerful  electric  light  effected  its  partial  or  entire  dis- 
sociation ;  the  quantity  of  matter  contained  within  such  a  tube  was 
too  alight  to  be  amenable  to  direct  chemical  test^  but  the  change 
operated  by  the  light  could  be  clearly  demotiBtrated  by  passing  an 
electric  disbar  go  through  two  similar  tubes,  one  of  which  had^  and 
the  other  had  not,  been  exposed  to  the  radiant  energy  ffx)m  a  source 
of  high  potential.  If  space  could  be  thought  filled  with  s«ch  vaiwnr, 
of  which  there  was  much  evidence  iu  proof,  solar  rotation  would 
necessarily  have  the  effect  of  emitting  such  vapour  etiuatorlally  by  an 
action  of  circulation  which  might  be  likened  to  that  of  a  blowing 
fim.  When  reaching  the  solar  photofiphero,  by  virtue  of  aolar 
gravitation  thin  dissociatetl  vapour  would,  owing  to  its  increased 
density,  flash  into  flame,  and  could  thus  be  made  to  account  in  great 
meoenre  for  the  raaintetjanco  of  solar  ratliation,  whilst  its  continual 
disEodation  in  epoco  would  accomit  for  the  con ti nuance  of  solar  radia- 
tion into  space  witliout  producing  any  measurable  calorific  effect. 

Tim©  did  not  permit  him  to  enter  more  fully  into  these  subjects, 
which  formed  part  of  his  solar  hypothesis,  hia  main  object  on  this 
oecafiion  having  been  to  elucidate  the  point  of  cardinal  importance  to 
that  h  jpu  thesis,  that  of  the  solar  temperature. 

[W.  8.] 
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ANNUAL  MEETING, 

Tuesday,  May  1,  1883. 

Wabeen  De  La  Eitb,  Esq,  MJi.  D.CX,  F.B.S.  Vice-Preeident, 
in  the  Cliair, 

The  ADDual  Export  of  tho  Committee  of  Visitors  for  tho  year 
1882,  testifyiog  to  tbe  continued  prosperity  and  efficient  managemenl 
of  tlio  InstitiitioQ,  was  read  and  adopted^  Tho  Real  and  Funded 
Property  now  amounts  to  above  855400L,  entirely  derived  from  Qie 
ContribtitioD&  and  Donation  b  of  the  MemherB. 

Thirty-five  now  Membefs  paid  tlieir  Admission  Fees  in  1882, 

Sisly-tliroe  Lectures  and  Twenty  Evening  Discaurfios  were 
delivered  in  1882. 

The  Booki)  and  Pitmplilets  presentod  in  1882  amounted  to  about 
206  volumea,  makin^r,  with  617  volumes  (including  Feriodicals  bound) 
pui'clias^jd  by  the  Managers,  a  total  of  723  volumes  added  to  tbo 
Library  in  the  year. 

Thankfl  were  voted  to  the  President,  Treasurer,  and  tha  Honorary 
Socretary,  to  the  Committees  of  Managers  and  Visitors^  and  to  the 
FrofeBsurs,  for  tht^ir  valuable  set* vices  to  the  Institutiuu  during  tlie 
past  year. 

The  following  Gentlemen  were  unanimously  elected  aa  Officers 
for  the  ensuing  year  : 

pRKfiiDEST — The  Duke  of  Northumberland,  D.C.L.  LL.D. 
Treaburek— George  Busk,  Esq.  FJi.S. 
SEOBETAaY — William  Bowman,  Esq^.  LL.D,  F  Jl»8. 


Manaoebb. 

(l€orge  Berkley,  E^q.  MJ.CZ, 

Sir  Frederic  It  J,  Brum  well,  F.K.S, 

yffitvm  De  La  Rue,  E»q.         D.CX.  F.R.S. 

Dyce  Dockwortbf  M.D.  F.R.C.P. 

Ldward  FraQklaod,  Esq.  DX.L  F.R.S. 

Calouel  Jiimcfi  All gtifttu  Grant,  €.&.  C.Si.  ?.R.S. 

Kight  Hon.  the  Lord  Claud  HAmiltuo,  J.P. 

William  Hog^na^  Esq.  aC.L.  F.R.S. 

Sir  Fredericfc  Pollock,  Bart.  M.A. 

Hciirv  Pollchck,  Esq. 

The  Hoo.  Hollo  Kus^^ejl,  F3I.S, 

The  Mttri]uU  of  SalUburv,  K.G-  M,A,  F.R.S* 

.Sir  Willi  lira  S^iumetiR,  D.C.L.  U.Ih  F.R.S. 

Wiliimn  Spottis^wDode,  ILmi.  M,A,  D,C.L.  Pr^d.  R,S. 

Sir  T.  Sirtucer  Weill,  Bart.  Hon.  F.R,C,S.  Eng- 


TisrroBS* 

John  Birkett,  E^<j.  F.I^S.  F.R,C^. 
The  I.i*r4  Brab^soa. 
Chnrles  Jnines  Busk, 
Arthur  Herbert  Church,  Ewj.  M.A.  ¥. 
FraQk  Crisp,  Esq.  lUB,  B.A.  fJLS, 
Ht'nry  Hflrbert  Sstvj^ihea  Croft,  MX 
WnUam  Crookes,  Esq.  F,R.S. 
George  Howard  Durwia,  Eaq*  M*A. 
Bear-Admiml  HtTbcrt  De  Kaiitio«, 
Clinton  T.  Dent,  E^.  F.lt.C.S* 
Rev.  John  Mrtcnnught.  M.A. 
Sir  Charles  Henry  Mills,  Bsift.  M.S'. 
HiL^o  W.  Mullen  Esq.  I'hXi.  F.IJ.S. 
Lac h Ian  Mackintosh  Rale,  Vmi.  U,A. 
John  BeU  ^edg^vidc,  Etq.  F.B,G^ 
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WEEKLY  EVENOTG  MEETING, 
Friday,  May  4,  1883. 

Wabeek  De  La  E0E,  E&q,  M.A.  D.C.L.  F.B.a  Monager, 
in  the  Chair. 

BoBEST  HiiSRY  SooTT,  Esq.  M.A-  F,R.8.  Secretary 
to  the  Meteortjhigiml  Council. 

Weather  Knowkdtje  in  1883, 

Bathib  more  th&n  ten  years  since  I  hnd  the  honoar  of  delivering  a 
Friday  Eveuiug  Lecture  in  this  Theatre,  and  my  subject  on  that 
occaaioti  was  somewhat  similar  to  that  whirh  I  have  chosen  for  this 
evening.  It  was  then  "Recent  Progress  in  Weather  Knowledge," 
mid  to-night  I  must  endcjavour  to  lay  before  you  the  results  of  ten 
years*  further  experience  of  a  work  of  which  the  complexity  becomes 
daily  tnoro  pateut 

Dealing  first  w^ith  the  forecasting  of  tte  character  of  seasone. 
In  1873  the  theory  gf  a  oonncctioii  between  the  Frequency  of  Sun- 
spots  and  the  Weather  had  been  recently  promulgatwC  and  appeared 
to  promise  most  yaluable  results.  It  is  universally  admitted  that 
the  presence  of  spots  on  the  solar  surface  indicates  increased  activity 
in  bis  gaseotis  envelope,  whJcb  ought  to  and  must  afiect  our  atmo- 
sphere. 

A  connection  between  the  Frequency  of  Bon-apotB  and  the  preva- 
lence of  HurricanoB  in  the  Indian  Ocean  was  the  first  phenomenon 
which  was  cited  as  a  proof  that  such  inflnenco  is  traceable^  and  the 
■tftdstics  brought  forward  appeared  to  confirm  the  idea.  The  period- 
idty  of  Bainfall  was  the  next  subject  studied,  and  as  an  outcome  of  the 
changes  in  rainfall  distribution  the  recurrence  of  Famines  has  furnished 
the  text  for  numerong  reports  and  pamphlets.  Another  Bubject  do^dt 
with  has  been  Temperature,  but  as  to  this,  one  set  of  investigators 
holds  that  jears  of  gmi'B|K>t  frequency  correspond  to  years  of  excoBsive 
heat,  while  another  set  maintains  that  they  correspond  to  years  of 
eioeesive  cold  1 

Thia  difioafdoDce  has  been  somewhat  allayed  by  the  suggestion 
that  the  canjsee  which  produce  heat  in  one  region  province  cold  in 
another.  On  the  whole,  however,  it  may  be  said  that  the  precii^e  mode 
in  which  the  ami  exeroiflea  Im  action  on  our  atmoe^phere  has  not  as 
yet  boeri  explained,  and  iar  an  the  climate  of  Western  Eun:ipe  is 
concerned,  the  warmest  adherents  of  sun-spot  influence  must  iKlmit 
that  ohfiervations  of  the  condition  of  the  suirs  surface  cannot  as  yet 
be  depended  on  as  a  Bound  basis  fur  prophecy  of  coming  weuther. 
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That  this  assertion  cannot  well  be  disputed  appears  from  the 
figures  which  follow. 

WnPTKB  Half-teab. 


Temperature. 

No.  of 
Sun-sputP. 

1876- 7 

1877-  8 

1878-  9 

1879-  80 

1880-  1 

1881-  2 

1882-  3 

o 

43-7 
43-4 
39-3 
41-4 
400 
43-7 
41-8 

13 
8 
3 
24 
44 
64 
74 

The  second  column  gives  the  mean  temperature  of  the  entire 
United  Kingdom  for  the  six  months  October — ^March,  for  the  last 
seven  years,  and  the  third  gives  the  number  of  sun-spots  observed 
at  Eew  during  the  same  period. 

No  approach  to  concordance  is  traceable  between  the  two  columns 
of  figures. 

If  we  go  further  afield  and  compare  the  general  temperature  of 
the  globe,  at  least  the  closest  approximation  to  it  which  is  attainable, 
with  the  sun-spot  curve  for  the  thirty-five  years  ending  with  1875,  as 
has  been  done  by  Dr.  Eoppen,*  we  see  that  though  for  some  part 
of  the  time  some  of  the  temperature  curves  appear  to  agree  with  the 
curve  of  sun-spots,  the  accordance  in  one  hemisphere  is  associated  with 
a  striking  discordance  in  the  other.    (Fig.  1,  p.  825.) 

The  figures  which  I  have  cited  therefore  support  the  statement 
that  the  precise  nature  of  the  relation  between  what  we  may  call 
solar  and  terrestrial  weather  has  not  as  yet  been  demonstrated. 

As  regards  the  whole  question  of  prediction  of  the  Seasons,  either 
by  sun-spots  or  by  any  other  means,  the  same  author,  Dr.  Eoppen,  has 
published  several  papers  "  On  Protracted  Periods  of  Weather,"  devoting 
lus  attention  especially  to  severe  winters,  and  he  gives  the  following 
summary  of  his  results : — f 

The  main  feature  of  the  entire  investigation  has  been  to  prove 
that,  for  certain  intervals,  strongly  marked  periodical  influences  make 
their  appearance  and  then  vanish  entirely,  at  times  being  replaced  by 
others  of  a  totally  different  character.  No  law  has  as  yet  been 
discovered  for  these  changes,  and  so  the  outcome  of  the  enquiry  is  on 
the  whole  negative  and  indicates  that  all  forecasting  of  the  seasons  is 
the  merest  guesswork.  ** 

We  may  therefore  conclude  that  at  the  present  date  there  is  no 


*  '  Zeitflcbrift  der  caterreichischen  mcteorologischen  Gcsellschaft,'  Bd.  xvi. 
p.  149. 

t  Ibid.  p.  196. 
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immediate  prospect  of  taij  one  being  Mo  to  Btate  what  ttie  character 
of  a  future  seiisoii  will  be,  mncb  less  to  toll  a  farmer  in  spring  what 
eFop&  he  Bhonld  put  iu  with  a  prospect  of  a  fuTourable  period  for  the 
barrest 

I  neit  come  to  the  subject  of  daily  forecasting^  a  branch  of  the 
work  of  all  Meteorological  Institiitcs,  which  has  gi'own  up  in  Europe 
within  the  l&st  ten  years.     It  has  really  beea  forced  upon  meteoro- 
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2E0TK«— The  r«rcicnl  *ca^e  iq  the  iipp«r  f»rt  of  tbe  djftgrum  rcfurs  to  number  of  stin- 
cpete;  IB  tJie  lower  part  U  r«fen  to  diffftrtnoH  fno  iir«ng«  Utap«mur«  In  tenitii  of 
Jtgnet  Centigrade* 

logiflta  by  the  domand  of  the  public  to  see  in  the  newepapeis  some 
atatemaut  as  to  probabk  weather. 

The*  brilliant  aueoeeM  achieved  in  this  lino  by  the  Chief  Signal 
Ofice  at  Wtiehington  have  attracted  general  uoticef  aod  the  public  of 
tivery  nation  ia  Europe  has  ex{)ected  that  their  own  offices  ahall  do 
an  much  for  them  as  that  of  Washington  doea  for  the  Statca  of  tho 
Union. 

The  pnblic  has,  howovor,  natorally  forgotten  to  take  into  oonsider- 
ttlioo  86  feral  most  important  advantagoH  which  the  3  i  goal  Office 


enjoys  over  its  compoers.  Firstly,  an  eitenBiTd  ooniment  from  wHeli 
to  gather  its  reports,  with  one  language  and  one  teltigmphic  BTstem  ; 
secondly,  a  military  organisation^  wbich  ensures  dne  training  and 
l)roper  subordination  of  the  employes  to  their  chiefs  ;  and  tliirdly  and 
fiuftlly,  a  most  Uternl  supply  of  funds. 

In  all  these  particulars  European  ey&teme  fall  far  behind  that  of 
the  United  Stat4>s.  Our  cnntinent  is  not  large,  and  it  is  eut  up  by 
inland  se&B  like  the  Mediterratiean  and  the  Baltic,  whilo  for  na 
in  these  islande,  the  ocean  lies  to  the  westward^  and  from  that  we  can 
at  present  gather  no  reports. 

Moreover,  the  dilference  of  langnageia  and  habits  between  the 
different  states  has  been  found,  hitherto,  to  present  insuperable  difficnl- 
tiea  to  the  introduction  of  an  ahRolntely  uniform  system  of  reporting. 

To  take  ou©  instance  of  the  difficulty  of  organising  weather  reports 
in  Europe,  informatiou  as  to  the  state  of  Sea  Diaturbftnce  on  our 
shores  is  justly  considered  one  of  the  most  important  ubserYations  fur 
our  coast  observers,  but  when  w©  came  to  devi&o  an  intern atiooal  code 
for  reporting,  we  found  that  inland  organi^tious,  such  aa  that  of 
Austria^  objected  to  sotting  apart  any  space  in  the  code  for  gnch,  to 
them,  uninteresting  details. 

My  audience  wUl  therefore  see  that  it  is  not  easy  for  m  Europeans 
to  devise  a  system  of  weather  reporting  whioh  ehall  meet  with 
nniversal  acceptance, 

Again^  supposing  that  the  code  wero  satisfactorily  arranged  as 
regards  the  reports  of  instrumental  obsorvations,  it  is  found  to  be 
practically  impossible  to  organise  a  system  of  notices  of  the  general 
appearance  of  the  sky  and  the  weather,  in  fact,  of  the  very  indicationi 
which  are  the  most  valuable  of  all  to  the  skilled  weather  watcher* 

Hare  is  the  crowning  defect  of  all  centralised  weather  services 
like  our  own  ;  the  forecaster,  situated  at  a  distance  of  aome  hundred 
miles  from  his  most  important  stations,  has  to  draw  his  coucl unions  at 
second  band,  from  information  at  best  scanty  for  each  station, 
fre^juently  nn punctual  in  its  arrival,  and  also  at  times  entirely  deficient 
at  the  most  critical  moment,  owing  to  interrnptions  in  telegraphic 
communication  during  stormy  weather. 

The  only  practical  mode  of  partially  overcoming  this  difficulty  of 
eiecasive  centralieationj  would  entail  very  considerable  exjienee.  II 
would  be  the  maintenance  in  the  chief  centres  of  population,  of  local 
officcB,  charged  with  the  preparation  of  forecasts  for  their  own  special 
neighbonrhoodiE,  and  I  fear  that  neither  the  Govemraont  nor  the  local 
authorities  would  give  money  for  such  an  eiporimeut. 

No  serioofl  attempt  at  local  forecasting  is  mad©  in  Europe^  ftxoept 
by  one  German  newspaper,  the  Matjdeburger  Zeitung^  for  the  schema, 
started  in  Franco  by  Leverrier  shortly  before  his  death,  of  local 
forecasting  by  experts  appointed  by  the  Communal  Authorities,  was 
speedily  brought  to  a  stop  after  his  death  by  a  demand  frttm  the  Fi-ench 
Postal  Authorities  for  the  repayment  of  the  ox[)euJse  of  telegraphy. 

We  am  thus  obliged  to  forecast  for  the  whole  oouutry,  and  as  the 
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various  portiou&  of  these  i  stands  are  variouBly  oircamBtancod  as 
regards  pFoximity  to  thf^  sea,  auil  as  to  the  mountainous  or  fiat 
character  of  their  surface,  an  attutnpt  has  been  niad<3  to  gro^p  the 
counties  together  into  a  series  of  dietrictSj  the  boundaries  of  whicli  are 
detannined  by  the  general  character  of  the  agriculture  most  developed 
within  them.  Tims  the  western  districts  are  mainly  graaa  producing, 
while  the  eastern  arc  corn  producing. 

This  division  is  necessarily  more  or  le&s  of  an  arbitrary  naturei, 
JUS  the  separation  hetween  a  gracing  lUjd  an  arable  region  is  not  a 
hard  and  fmi  line^  and  of  courBe  a  driving  shower  does  not  Qmm  to 
fall  on  crossing  a  coutity  boundary.  But  supposing  a  forecast  is 
drawn  up  for  any  one  district,  it  is  necessarily  limited  by  the 
exig^Dctt-a  of  telegraphy  to  a  very  few  words,  and  it  is  sitoply 
iufpusBiblc  to  frame  it  so  as  to  be  oorrect  fur  the  whole  of  the 
iiifitriL't.  If  there  is  a  range  of  hills  crossing  the  country,  the  wind 
which  prmluceB  rain  on  tbe  weather  slope  of  the  ridge  brings  dry 
woather  to  its  lee  side.  This  it*  a  coii sequence  of  the  well-known 
principle,  that  air  forced  to  rise  over  an  ohatacle  like  a  hill,  is  cooled 
at  the  rate  of  about  1°  F.  for  every  300  feet,  and  la  also  expanded 
by  the  pressure  on  it  being  reduced*  Both  of  these  actions  reduce  its 
eapacity  for  containing  moisture  in  the  state  of  vapuur,  and  rain  is 
produced  as  the  air  ascends.  Once  it  has  crossed  the  ridge  the 
reverse  action  takes  i^kee,  the  air  is  heated  and  compressed  by 
deficent.  It  thus  becomes  capable  of  containing  more  moisture,  and 
is  felt  as  a  warm  and  dry  wind. 

To  give  an  Ittitanee  of  this  action  on  a  somewhat  large  scale^  I 
may  cite  tbe  district  of  Elgin  and  Naintshire,  on  the  south  coast  of 
the  Moray  Firih,  This  cxjmparaHvely  flat  area  is  bounded  on  the 
south  and  south-east  by  the  Grampians,  and  on  the  west  by  the  hilla 
of  luveraess-shire  and  Ross-shire,  and  all  the  air  from  the  south  and 
weft  hm  had  to  travel  up  a  series  of  successive  hill  sides  on  its 
paasage  from  the  Atlantic.  The  result  is,  that  the  region  I  have 
naiued  lia^  a  rainfall  not  more  tlmu  one  half  that  of  tlie  upper  valleys 
of  the  GrampiauH,  and  yet  it  is  situated  in  the  same  district  for  fore- 
casting. Such  in  the  exceptionally  dry  character  of  this  strip  of 
coast,  that  one  summer  a  friend  of  mine  who  has  a  fishing  on  the 
8pey  told  me  that  for  some  weeks  while  the  river  was  in  spate, 
ehowing  that  rain  fell  on  the  hills,  and  the  fishermen  out  in  the  Firth 
had  rain  almost  every  night,  not  a  dn>p  fell  at  Nairn 

My  bearera  will  therefore  perceive  that  the  *iftmo  wording  will 
not  suit  a  whole  district,  unless  it  he  judiciously  phrased  so  as  to 
Lear  more  than  one  interpretation. 

Tbe  figarea  which  I  give  in  Table  1.  are  obtained  in  a  very 
general  way  ;  the  forecast  for  the  district  is  tested  by  as  many  ruj>ort« 
from  that  district  lis  are  availiible.  This  mode,  therefore,  gives  a 
higher  figure  for  correctness  than  would  ho  obtained  by  testing  them 
for  *  single  place. 

Tbe  seouod  series  of  figures,  in  Table  II.  however,  are  ohtainod  hy 
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a  different  method,  and  one  which  is  comparatively  free  from  the 
objection  just  stated,  as  the  obserrers  who  famish  the  data  are  quite 
independent  of  the  office,  and  the  forecast  is  tested  by  the  weather 
they  themselyes  experience. 


Table  I. — Fobeoasts  at  6  p.]f.,  appearing  next  Mobniko. 


Quite 

rarHally, 
more  than 

Partially, 
more  than 

Quite 

Sam  of 

COTTVCt. 

half,  correct. 

half,  wrong. 

wrong. 

ColB.  Landir. 

Scotland,  N  

38 

41 

15 

6 

79 

„  E  

36 

43 

15 

6 

79 

England,  N.K  

35 

42 

17 

C 

77 

E  

37 

42 

15 

6 

79 

Midland  Counties  .. 

34 

43 

17 

6 

77 

England,  8  

40 

42 

13 

5 

82 

Scotland,  W  

31 

40 

20 

9 

71 

England,  N.W. 

33 

42 

18 

7 

75 

„  8.W. 

35 

40 

18 

7 

75 

Ireland,  N  

34 

42 

17 

7 

76 

„  8  

35 

39 

17 

9 

74 

General  average 

35 

41 

17 

7 

76 

Table  11. — Hat  Harvest  Fobecasts. 


Scotland,  N  

44 

38 

15 

3 

82 

E 

44 

38 

14 

'  4 

82 

England,  N.E."  !". 

38 

37 

20 

!  5 

75 

B  

46 

34 

15 

!  5 

80 

Midland  Counties  . . 

48 

37 

13 

i  2 

85 

England,  S  

43 

40 

14 

1  3 

83 

Scotland,  W  

36 

89 

15 

i  >o 

75 

England,  N.W. 

39 

38 

19 

77 

8.W.  .. 

42 

37 

16 

5 

79 

Ireland,  N  

32 

39 

22 

7 

71 

M  s  

39 

35 

21 

5 

74 

General  average 

41 

37 

17 

1  5 

78 

These  latter  are  the  results  of  the  Hay  Harvest  Forecasts,  a  system 
which  has  been  in  operation  for  the  past  four  years.  Forecasts 
drawn  at  4  p.m.  are  sent  daily  for  a  month  to  a  number  of  gentlemen, 
largely  interested  in  farming,  in  yarions  parts  of  the  country,  on  the 
conditions  that  they  disseminate  the  information  in  their  immediate 
neighbourhoods,  and  that  they  keep  and  send  to  us  a  careful  com- 
parison of  the  forecasts  with  the  weather.    The  general  ayerage  of 


the  whole  agrooB  BufficieDtlj  closely  with  that  detennmed  hj  the 
ofBce  from  lis  own  data. 

I  find,  OD  enquiry,  from  all  tho  Europeaji  offices  which  iesti© 
forecaBts,  that  thfi  percentages  of  enccees  wliich  thoj  claim  officially 
are  almiifit  ideBtical  with  that  ehown  on  the  diag^rame.  Thej  are  on, 
the  whole  about  80,  but  no  one  is  really  con  ten  tod  with  tho  results. 
Tha  crittoa  of  foreign  forecaf^ts  are  just  as  serere  on  their  own  Bystoms 
ail  the  writers  of  newspaper  letters  are  on  ns  over  here,  and  as  one  of 
my  c4>rrefii)ondent8,  tho  gentleman  who  manages  the  Magdeburg  ofiSce 
remarks,  those  who  are  least  content  are  the  forecasters  themsolvea, 
ihouffh  naturally  they  do  not  publish  their  dissatisfaction. 

To  give  my  audience  one  illustration  out  of  many  of  tho  difficulty 
of  our  tftslc  in  England,  the  same  gentleman  whom  I  have  just  qunted 
says :  "  Our  greatest  trouble  is  the  Lateness  of  arrival  of  the  English 
telegrams,  and,  without  news  from  England,  no  one  in  Germany  can 
dream  of  forecasting."  Now  wo,  in  these  islands,  as  is  so  often  said, 
can  Apparently  never  hope  for  daily  telegraphic  news  fromjaigtial 
ships  in  tJje  Atlantic,  so  that  ocean  must  keep  its  wonted  silence,  and 
oar  forecasting  must  be  even  more  hazardous  than  that  of  our  Gorman 
neighbonrs. 

Another  development  of  forecasting,  and  in  fact  its  earliest  form, 
the  desire  to  carry  ont  which  gave  rise  to  the  whole  systom  of 
wefttber  telegraphy,  and  as  a  result  of  the  latter,  to  tho  j^cienco  of 
Modem  Meteorology,  is  the  issue  of  Storm  Warnings,  Tboso  were 
instituted  in  thia  country  by  FitzEoy,  in  1866,  They  were  tempo- 
rarily suspended  at  Christmas  1866  and  resumed  a  year  later,  and  the 
diagram  gives  the  average  results  for  the  entire  United  Kiugdom, 
frum  the  year  1870,  being  the  first  year  for  which  the  figures  were 
regularly  submitted  to  Parliament,  Tho  interval  of  twelve  yrairs 
divides  itself  naturally  into  two  periods  of  equal  length,  the  break 
between  which  hapfiens  to  coincide  with  the  institution  of  an  evening, 
in  iddiiion  to  the  afternoon  service  of  reports. 

Thia  was  carried  on,  in  the  lirst  lURtauce,  at  the  sole  cost  of  the 
2%Ne»  newspaper,  and  in  order  to  furnish  materials  for  drawing 
the  chart  in  its  morning  issue,  and  it  is  <mlj  within  the  last  three  years 
that  tlie  expense  of  this  port  of  our  work  has  been  borne  by  thd 
Government, 

The  figures  show  at  the  first  glance  an  improvement  of  8  per  cent, 
in  the  fiiit  column,  and  this  is  a  considerablo  ailvonce,  but  my 
madime&  must  not  take  away  the  idea  that  if  the  receipt  of  four  hours' 
Iftler  inteUigenoe  raises  the  percentage  of  suce^sg^  we  might  anticipate 
^  poflaibiUty  of  warning  the  coasts  for  all  storms,  if  the  reporting 
hoofg  were  extended  to  midnight,  or  the  aerviae  w@ra  even  con- 
tinnouB. 

The  extension  of  the  reporting  sorvico  would  enable  ns  in  London 
to  know  what  was  taking  place  on  the  coasts  far  better  than  we  do^ 
but  wo  could  not  impart  our  knowledgo  to  those  whom  wo  wigh  t*i 
Umofit^    Practically,  Btorm  warnings  must  bo  issued  before  sundowu. 
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for  no  port  at  present  will  bear  the  expense  of  maintaining  lamps  for 
night  signals.  If  we  allow  an  hour  or  so  for  the  warning  message  to 
reach  the  distant  stations,  and  most  of  them  take  much  longer  than 
that,  we  see  that  in  winter  a  warning  to  a  Scotch  port  most  leave 
London  at  2  p.m.  to  be  in  time  to  be  commnnicated  by  signal 
Warnings  issued  at  7  p.m.  rarely  come  to  the  fisherman's  knowledge 
till  next  morning,  even  if  they  should  reach  the  telegraph  station 
before  that  office  closes  for  the  night. 

AccordiDgly  the  figures  in  the  table  give  a  somewhat  too  favourable 
idea  of  our  real  success  in  warning. 


WamlngB  Justified 

WaniiDgB 

Warnings 

Warnings 
lasned  in 
enOT. 

By  GalcB. 

By  Strong 
Winda. 

not 
Justified. 

Late. 

PkrUaUy 
late. 

1870-5 
187G-81 

47-6 
66-4 

26-8 
23-5 

.  18-4 
15-8 

1-5 
0-8 

3-8 
8-1 

1-9 
0-3 

1870-81 

52-0 

25-1 

17-1 

1-2 

3-5 

11 

The  diagram  also  does  not  show  the  storms  which  have  been 
missed.  Of  these  there  are  instances  every  year.  That  of  October 
23-4,  1882,  was  a  most  striking  case.  The  storm  came  on  so  suddenly, 
not  setting  in  at  any  station  before  midnight,  and  raging  with  full 
fury  at  8  a.m.,  that  with  our  present  knowledge  it  appears  to  have 
been  impossible  to  have  caught  it. 

It  would  take  me  too  long  were  I  to  continue  this  subject,  and  I 
would  only  impress  upon  my  hearers  that  accidents  must  happen  like 
that  of  October  last,  and  that  we  must  only  not  let  them  discourage  us, 
and  do  our  honest  best. 

The  practical  result  of  our  forecasting  of  weather  is  that  while  we 
are  generally  fairly  correct  as  to  the  direction  and  force  of  wind,  we 
are  most  liable  to  fail  in  predicting  rain,  especially  as  to  its  amount. 
In  fact  not  only  wc,  but  every  Meteorological  Office  in  Europe,  have 
to  confess  inability  to  foretell  rain,  quantitatively ^  to  say  whether  the 
rain  expected  to  &11  will  be  only  slight,  or  a  deluge.  In  no  single 
case  have  exceptionally  heavy  falls,  either  local,  like  thunderstorms, 
or  general  rains,  been  foretold.  I  take  as  instances,  the  rain  of  April 
13,  1878,  in  London,  which  buret  so  many  sewers ;  the  hail-storm  at 
Bichmond,  August  3,  1879,  which  will  long  be  remembered  in  Eew 
Gardens;  or  lastly,  the  snow-storm  of  January  18,  1881. 

These  failures  are  very  serious  defects  in  practice,  and  apparently 
are  in  great  measure  attributable  to  our  own  ignorance  of  the  conditions 
of  the  upper  strata  of  the  atmosphere. 

Attempts  have  been  made  in  various  directions  to  organise  systems 
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of  upper  Btrata  observatioDB.  Thegc  may  be  classified  under  lhj*ee 
heads^  Pertonalt  Mechamml,  Optical 

perKmal  ^biterveUion^f  I  mettn  those  made  on  mountain  stationa 
or  in  balloon  afioents. 

Of  Mood  tain  Btationa  we  have  not  yet  had  a  fair  trial  in  these 
ifilanda,  for  no  munntain  obB<^rvatory,  deserving  the  name,  has  yet  been 
built.  The  Seottish  Me teivro logical  Society  are  endeavouriiig,  with 
great  zeal  and  considerable  success^  to  rabo  funds  to  build  and 
maiiitain  a  station  on  Ben  Neris,  the  highest  spot  in  the  United 
Kibgdemy  and  to  place  it  iu  telegraphic  connection  with  Fort 
William,  and  so  with  the  postnl  t^-legraph  wires  in  general,  but 
hitherto  all  that  has  been  done  is  that  the  ohserver,  Mr.  C.  L. 
Wragge,  has  with  a  most  praiseworthy  eiertion  of  energy,  and  iu 
the  face  of  great  difficulties,  climbed  the  4000  feet  before  9  a.m. 
dailtf  for  4^  months  iu  1881^  and  for  5  months  in  18S2<  To  give  an 
idea  of  what  he  occasiotially  experienced^  I  may  quote  his  words  in  a 
letter  of  November  1,  1882,  printed  in  *  Natm^e  * ;  "  The  track  was 
enowed  up,  and  it  was  nocessary  to  force  a  way  through  great  banks 
and  drifts  of  snow.  The  average  depth  was  2  feet ;  once  we  got  off 
our  course  iu  the  blackness  of  thick  dood-fog,  and  tnickless  snow/' 

Mr.  Wragge  on  each  occasion^  as  eoon  as  he  reached  Fort  William 
on  bis  return,  generally  about  3  p.k.^  sent  a  telegram  to  us  in 
London.  This  never  arrived  before  6  p.m.,  so  that  it  ^vas  practically 
iMclem  for  all  forecasting  or  storm  warning  on  the  day  on  which  the 
obeervation  was  made.  \Ve  must  therefore  reserve  our  jndgment  m 
to  the  nsefulueee  of  the  proposed  station  until  it  is  in  efficient  working 
order,  and  the  observations  can  reach  us  more  promptly. 

As  regards  Balloons  the  obBcrvations  are  necessarily  sporadic  and 
uncertain.  No  ascent  is  possible  if  the  wind  is  at  all  strong.  No 
«tptive  ascent  can  attain  any  great  height^  and  no  free  ascent  can  be 
made  with  a  certainty  of  being  able  to  eend  oS  a  telegraphic  message 
when  the  observer  reaches  terra  firma,  for  he  may  come  down  miles 
^om  a  telugrapli  station. 

The  admitted  impracticability  of  guiding  a  balloon,  and  the 
liability  to  accidents,  in  the  case  of  a  equally  either  en  leaving  ihe 
ground  or  on  returning  to  it,  of  both  of  which  recent  instances,  one 
anfortunately  fatal,  are  on  record,  render  it  unadvisable  to  rest  auj 
hopes  of  permanently  extending  our  knowledge  of  the  upper  currents 
of  the  atmosphere  by  the  aid  of  aeronauts.  Moreover,  they  can  never 
give  us  reiwrts  at  a  fixed  hour  every  day  for  the  purpose  of  com- 
pleting our  cbarts. 

The  mechanical  method  of  observation  may  be  soon  dismissed  t  it 
ooasista  either  in  sending  up  instruments  in  small  captive  balloons,  or 
attftohed  to  kites,  or  in  placing  them  on  elevated  peaks.  In  all  the^e 
caaea  the  registration  is  to  be  effected  by  means  of  electricity «  The 
■.ppufttus  devised  by  6ir  W.  Siemens,  and  lent  by  him  to  the 
Motaorolagical  Society,  has  boon  in  operation  on  Boston  church  tower 
for  several  months,  and  has  worked  wcl]»  and  the  same  may  be  eaid 
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of  Olland's  Telemeteorograpli  on  the  tower  of  Utrecht  Cathedral,  hat 
the  ohtaining  of  records  from  such  an  elevation  as  can  he  secured  on 
the  loftiest  buildings,  is  not  obtaining  them  from  the  upper  currents 
of  the  air,  and  we  have  yet  to  prove  the  practicability  of  raising  an 
electric  thermometer  to  a  height  of,  say,  2000  feet,  and  maintaining  it 
there  in  all  ordinary  weathers,  before  we  can  say  that  much  is  to  be 
expected  from  mechanical  upper  current  observation. 

Lastly,  we  come  to  optical  modes  of  observing  the  condition  of  the 
air  above  us.  These  are  the  only  ones  which  as  yet  give  us  much 
encouragement,  and  of  them  I  shaJl  only  mention  two.  Spectroscopy 
and  Cirrus  Cloud  Observations. 

The  former  has  an  enthusiastic  advocate  in  Professor  Piazzi 
Smyth,  whose  repeated  letters  to  the  newspapers  have  at  least 
attracted  the  notice  of  many  who  have  not  seen  his  copiously 
illustrated  work  on  the  subject,  "  Madeira  Spectroscopic."  Professor 
Smyth  maintains  that  by  observations  of  his  rain-hand  in  the  spec- 
trum, he  can  form  an  accurate  estimate  of  the  amount  of  moisture 
suspended  in  the  air.  This  belief  of  his  is  not  as  yet,  however, 
accepted  as  an  article  of  faith  by  meteorologists  at  large,  and,  even  if , 
it  were,  it  still  remains  to  be  proved  how  much  warning  of  coming  rain 
such  phenomena  will  afford.  If  they  only  give  it  for  a  few  hours, 
the  advantage  they  present  to  us  is  not  very  material. 

Under  any  circumstances  there  are  great  obstacles  to  the  general 
introduction  of  spectroscopic  observations  at  telegraphic  reporting 
stations.  The  instruments  are  comparatively  costly,  and  their  use 
requires  more  skill  and  delicacy  of  handling  than  we  can  expect  &om 
men  of  the  rank  of  our  ordinary  telegraphic  reporters. 

Lastly,  we  come  to  the  observation  of  the  clouds,  especially  of  the 
upper  clouds,  which  has  been  of  late  almost  reduced  to  a  science, 
mainly  by  the  labours  of  the  Rev.  W.  Clement  Ley  in  this  country, 
and  of  Professor  H.  Hildebrandsson  of  Upsala  in  Sweden,  around 
whom  a  knot  of  observers  are  gathering.  Mr.  Ley  is  the  most 
enthusiastic,  and  also  by  far  the  most  experienced  of  the  authorities 
upon  the  subject,  and  he  said  of  himself  in  a  lecture  delivered  a  few 
years  ago,  that  he  had  spent  part  of  his  waking  existence  in 
watching  cloud  motion.  What  he  advances  therefore  must  be  received 
with  due  respect. 

For  his  own  district,  the  Midlands,  he  claims  to  he  almost 
infallible  as  regards  weather,  when  he  can  secure  an  observation,  and 
from  our  experience  of  his  telegrams  to  us  his  announcements  for  the 
country  in  general  are  frequently  astonishingly  correct.  In  few  words, 
the  jirinciple  which  he  applies  is  the  motion  of  the  highest  stratum  of 
clouds^  the  *'  cirrus  "  of  Howard  and  its  relatives.  He  has  shown  that 
the  various  motions  of  these  clouds  can  be  explained  by  the  view 
that  the  air  slowly  whirls  out  of  a  cyclonic  area  in  the  upper  strata, 
in  directions  opposite  to  those  of  the  wind  motion  at  the  earth's 
surface. 

Thus  for  instance,  when  pressure  is  higher  over  France  or  Grermany 
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than  it  is  in  Scotland,  a  raotion  of  cirnis  from  north-west  indicates 
the  existence  of  a  deprcBdion  situated  to  tlio  we»t  of  us,  and  as  that 
depreedoQ  advances  on  m  tlio  first  wind  wo  stioll  feel  will  bo  aoutb 
or  dOuth-oast,  certainly  not  north-west. 

Similar  mlos  haT©  been  laid  down  for  cirrus  motion  in  other 
aaimutbSf  and  from  its  rate  conclusions  may  be  diuwn  as  to  the  motion 
of  tbe  deprijssion  wbence  it  takes  it  rise. 

Tbifi  eeems  eicootlinglj  promisiug,  but  now  cornea  tbe  other  side 
of  tbe  pititare.  Mr,  Ley  himBolf  admits  that  the  faculty  of  cloud 
observing  is  incommunicable  by  simplci  teach ing.  The  motions  of 
tbeee  clouds  are  so  gradual,  and  are  apparently  so  liable  to  be  con- 
founded  with  the  motions  of  other  and  lower  strata,  that  a  great 
eiereise  of  judgment  is  requisite  before  an  opinion  is  pronounced* 

Sapposing,  even,  we  have  only  one  stratum  to  deal  witli,  the  head 
must  be  kept  immovable  during  the  period  of  observation,  and  the 
motion  of  the  cloud  across  or  past  a  lixed  object,  like  a  chimney, 
watched.  Lastly,  the  observations  cannot  bo  always  taken  at  fixed 
hours,  at  the  fixed  observing  epochs,  but  must  be  made  whenever 
opportunity  ofiers.  The  observers,  therefore,  mnst  have  abundance  of 
lewore^  and  that  is  a  commodity  hard  to  meet  with  in  those  busy 
limes* 

Wlmt  ifi,  then,  the  general  conclusion  we  can  draw  as  to  weather 
knowledge  and  its  proapeots  in  1883  ?  I  have  endeavoured  to  show 
you  that  temther  hnoxchdtje  m  practically  weather  predictioni  and  that, 
for  the  seasons,  in  Europe  at  least,  no  trustworthy  basis  for  pretlic- 
tion  has  as  yet  been  established. 

For  tbe  daily  fore(^ttng  of  weather  much  has  been  effected,  but 
much  more  remaina  to  be  done,  and  the  most  important  advance  we 
can  make  is  in  the  direction  of  train iug  observers  in  the  difficult  art 
of  upper  clond  observation,  the  most  promising  field  of  study  at 
present. 

The  enquiry  into  Atlantic  weather  which  is  now  being  carried  on 
in  our  Office,  and  which  enables  us  to  prepare  daily  weather  maps  of 
tbd  ocean  with  ne^irly  400  observations  on  each,  will,  it  is  hoped, 
throw  light  on  bow  and  where  some  of  the  storms  which  visit  us  take 
ttieir  rise,  but  it  will  certainly  ^how  what  actual  condition  over  the 
ocean  accompanied  each  niiniifestation  and  movement  of  cirriform 
douds  at  our  stations,  and  will  thus  alfitrd  data  fur  laying  dtiwn  ruloa 
to  determine  the  position  and  track  of  a  storm-centre  before  it  reaches 
oor  cotLsts. 

Cirrus  observations  are  in  fact  the  only  practical  means  we  have 
etf,  so  to  speak,  atmuUing  our  insular  and  ifiolatod  posttiou,  and  of 
etrtending  onr  outposts  over  the  Athintic. 

[E,  H.  S.| 
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GENERAL  MONTHLY  MEETING. 

Monday,  May  7,  1883. 

George  Busk,  Esq.  F.R.8.  Treasuror  and  Vice-President  in  the 

Chair. 

The  following  Vice-Presidents  for  the  ensuing  year  were 
announced : — 

Sir  Frederick  J.  Bramwell,  F.R.8. 

Warren  De  La  Rue,  Esq.  M.A.  D.C.L.  F.R.S. 

Sir  Frederick  Pollock,  Bart.  M.A. 

The  Marquis  of  SaUsbury,  K.G.  M.A.  F.R.S. 

Sir  William  Siemens,  D.C.L.  LL.D.  F.R.S. 

William  Spottiswoode,  Esq.  M.A.  D.CX.  Pres.  R.S. 

George  Busk,  Esq.  F.R.S.  Treasurer. 

William  Bovrman,  Esq.  LL.D.  F.R.S.  Honorary  Secretary. 


W.  Mitchell,  Esq. 
Miss  Orbell. 

Martin  Ridley  Smith,  Esq. 
were  elected  Members  of  the  Royal  Institution. 

John  Tyndall.  Esq.  D.C.L.  LL.D.  F.R.S.  was  re-elected  Professor 
of  Natural  Philosophy. 

The  Pbesents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 

FROM 

The  Governor-General  of  India— Geological  Survey  of  India:  Beoords.  VoL 

XVI.  Part  1.    8vo.  1883. 
The  Secretary  of  State  for  India— Report  on  Public  Instmction  in  Bengal,  1881-2. 

fol.  1883. 

Accademia  dei  Lincei,  Reale,  2Jo?na— Atti,  Serio  Terza.  Vol.  VIL  Faac  5, 6.  4to. 
1883. 

ABtatic  Society  of  BenfyaZ— Journal,  Vol.  L.  Extra  Number,  Part  1.  8vo.  1882. 
Proceedinga,  No.  10.   8vo.  1882. 

AUronomieoU  Society,  iZoyoZ— Monthly  Notices,  Vol.  XLIII.  No.  5.    8vo.  1883. 

Bankers,  InttituU  o/— Journal,  Vol.  IV.  Part  5.    8vo.  1883. 

Britith  Architects,  Royal  Imtitute  ©/—Proceedings,  1882-3,  Nos.  12,  18.  4tc. 

British  Association  for  the  Advancement  of  Scienee—lELepoti  of  Meeting  at  South- 
ampton. 1882.   8vo.  1883. 

British  Museum,  Trustees  of  tte— Catalogue  of  Greek  Corns.  Thessaly  to  Aetolia. 
And  the  Ptolemies,  Kings  of  Egypt.    2  vols.   8vo.  1883. 

CandoOe,  M.  C.  de,  M,R.L  (the  ^uJior)— Rides  sur  le  sable  de'pos^  au  fond  de 
I'eau.   (Aiohivea  des  Sciences.   T.  IX.    1883.)   8vo.  1883. 
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IdjcroAcxipical  Society,  Series  II.  Vol.  111.  Port  2.    8to.  1883. 
D^:  SocHada  .Bordd— BulletiuB,  2^8erie,  Uuitit^me  ABnee :  Trime«t;«  L  8  to. 
18S3. 

Ea^  India  A»mcifdifm—iQ\auA\  Tol.  XV.  No.  I,   8^o.  1888. 
EdUor$ — AmerLcau  Journal  of  Science  for  Aprit,  1883.  8vo. 

Analyst  for  April,  1883.  8vo. 
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Hiotokigio«J  JouniAl  for  April,  1883.  Svo, 

Xtod  for  April,  1 883.  4to. 
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JM&Yui«^oiinial,  No.  688.    Sto.  1883. 

Geok^MoI  ^tit^Abotrikfita  of  Pt^^oedingB,  1SS2-3;,  Nfi^.  436. 437.  8to. 
fioriMt,  8ooi^  M&UaiuiAim  de»  Science — ArchiTea  Neorlauilaiiefl,  Tointi  X  YII. 

liT,  3, 4, 5.   Tome  XVin,  Liv.  1.   Sm.  1882-3. 
Hiidlatim,  Wa/rid  H,       Jf.A,  KGS^  MM  J,  {iha  Aidlt^w)—OD  the  Uewlogy  of 
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Jokmi  HopkiM  Pniwr#i<y— AmfirioBD  Journal  of  PhUology,  No.  12  Snp.  8vo. 

Amoieiti  Chemical  Jonmal.  Vol  lY.  No.  6.   8vo,  1883. 
Imam  Society— jQum^,  Noe,  97,  98,  126,  127.   Syo.  1883. 
Ttstmclionfl  ^  Botany,  Vol  tl.  PortH  2-4,    Zoology,  Vol  11.  Part  6.  4to. 
1882-3. 

MimekeaUr  GetJogieal  TraDnactlons,  Vol.  XVU.  Part  6.   Svo.  1SS2-3. 

Mtehtmieai  Engifut&n*  InMlituiion — Procbtidmga,  No.  1.   Sto.  1883. 
Medical  ar^  Chintrgietii  iSociVfj^Prooaedinga,  New  Seripa,  No.  2.    8to»  1883. 
NationtU  Atmcxnatfon  for  SoHal  Sciences— VwcVidiD^  YoL  XVI.  No.  3.  8va  1 882. 

TranaMtiotifl,  Notiingham,  1882.   8m  1883. 
PkanmemUicai  Society  of  Great  Britain— ioumAX,  April,  1883*  8vo. 
fMefrap&u  &ciWr--Jonnial,  New  Series,  Vol.  VII.  No,  6.    8vo.  1883. 
FdmtaL  Eomumy  Ciub—UBi  of  Membei^  1821-11^ :  Miontee,  Questions  dia- 
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*  -       -  'tujf  ATt*^Boypl~'lmnmtMori]A,V(A,'S.,V^Ti^.    8¥0>  1883. 

TTtSMm,  i?.C.i.  LLM,  FMS,  M.ILL  iliriAor)— On  ihe  Oon- 
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Friday,  May  11,  1883. 
GiosoE  Busk,  Esq.  P.B.S,  Treaeitjer  and  Yice-Pr^sident,  in  the  Chair. 
Pbofebsob  Hoxlet,  LL,D.  F.E.8* 
Oy&ters  and  the  Oyster  Queiiion. 

[The  whole  disoourso,  with  additions,  19  printed  in  the  Oelober  and  November 
tiomhera  of  the  '  English  Illustivted  Blagazitie/  ptibliahed  bj  Motata.  MacmUlajiJ] 

Thk  oyst«r  posaesses  repreeentativos  of  all  the  mmi  important  organs 
of  the  higher  animals,  and  is  ondowod  with  correHponding  functions* 
The  '*  lovofi  of  the  oyster  "  may  be  mythical,  and  we  may  ovon  be 
eceptical  as  to  its  parental  tendemegs ;  bnt  00  parent  can  take 
greater  care  of  its  young.  And  though  the  oyster  seems  the  type  of 
dull  animal  vegetation  in  its  adult  condition,  it  passes  throogh  a  vaga- 
bond, if  not  a  stormy  youth,  between  the  time  in  which  it  is  eheltarod 
by  the  parental  roof,  and  that  in  which  it  "ranges  itself'*  as  a  grave 
and  sedentary  member  of  the  oyster  oommimity.  It  haa  a  shell  com- 
posed of  two  picceB  or  valves^  the  one  of  which  is  thick  and  has  a 
conyei:  outer  surface,  while  the  other  is  thinner  and  flattened.  The 
contour  of  each  valve  is  irregularly  oval^  with  a  email  end,  which 
usually  presents  a  triangular  prominence  known  as  the  umbo  or  beak 
(urn.)  (Fig*  1),  and  which  answers  to  the  back  or  dorsal  region  of  the 
animal.  When  this  is  turned  upwards,  the  opposito  or  ventral  margia 
is  seen  to  be  evenly  curved,  and  to  be  gradually  continued  into  the 
curved  lino  of  the  front  margin  (anL),  while  the  hinder  margin  (poU,) 
ie  usually  atraighter.  By  attention  to  those  characters,  the  right 
valve  can  always  be  distinguished  from  the  loft ;  but,  in  the  great 
majority  of  cases,  it  is  more  easily  known  because  it  is  the  flat  valve. 
If  the  oyster  is  fixed,  it  is  the  convoi  valve  which  is  attach od ;  and 
free  oysters  naturally  lie  on  this  valve,  inasmuch  as  the  other  is  the 
lighter,  and  the  more  easily  raised  by  the  mechanism  which  will  be 
presently  described. 

The  exterior  of  the  shell  is  rough  and  usually  of  ft  brownish-green 
colour.  It  is  marked  by  lines,  which  rtm  approximately  parallel 
with  the  contour  of  the  shelly  around  a  oommon  centre  placed  at  the 
Bummit  of  the  umbo,  and  indicate  the  successive  layers  by  the  apposi* 
tion  of  which  the  shell  has  been  deposited  upon  the  skin  of  the 
animaL  The  inner  face  of  each  valve  has  the  weU-known  white  and 
opaline  or  iridescent  aspect  which  appertaina  to  nacre  or  mothGrH>f- 
pearl,  except  the  flattened  or  concave  surfaces  of  tho  umbones,  which 
are  marked  by  parallel  Hnes  answering  to  the  lines  of  growth  on  the 
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exterior.  At  the  bases  of  the  nmbones,  the  mlTes  are  joined  together, 
along  a  short  transverse  line,  in  a  sort  of  hinge  hj  a  band  of  dark* 
brown  clastic  Bnbstance^  the  Ugameat  {L\  which,  in  the  middle  of  the 
hixige,  forms  a  thicker  coshion*  About  the  centre  of  the  inner  fac« 
of  each  valre  there  is  a  large  well-defined  roimded  depression,  like  a 
■oar,  which  tnarke  the  plaeo  of  attachment  of  a  strong  and  important 
mwile. 

Each  Tslve  is  sometimes  solid  throtighoiit)  but  in  old  oysters,  and 
eepeciallj  in  thoee  that  liye  in  deep  water,  the  substance  of  the  Talves^ 
and  more  particularly  of  the  thick  coiiTex  left  ^Ive,  contains  wide 
cavitiea,  separated  only  by  thin  layers  of  nacreous  Bubstanoe,  which 
are  fall  of  sea^water. 

la  structure,  the  micre,  or  motherHif-pearl,  is  very  dense^  hard, 
and  finely  lamiiiated ;  but  the  superficial  outer  layer  is  mad©  up  of 
small  polygonal  prisms,  and  is  somewhat  friable.  Each  of  these  sub- 
stances, the  nacreous  and  the  prismatic,  consists  of  layers  of  organic 
matter  impregnated  with  salts  of  lime* 

If  the  oyster  has  been  left  at  peace  for  some  time  in  its  native  sea- 
frater,  the  edges  of  the  valves^  beyond  the  hinge,  will  be  seen  to  be 
peparmted  by  a  chink  which  is  wider  opposite  the  umbones.  But, 
uxkon  the  least  disturbance,  the  chink  is  closed  and  the  shut  valves 
cannot  be  Uirnst  asunder,  without  the  expenditure  of  an  amount  of 
foroe  which  usually  breaks  them. 

An  expert  oyster-opener,  however,  mindful  of  the  maiim,  arte  wM 
vit  g<ets  them  apart  with  the  utmost  ease.  A  strong,  flat-bladed  knife 
18  introduced  between  the  tnargios  of  the  valvea,  and  the  knife  being 
k^'pt  close  to  the  inner  face  of  one  of  them,  is  swept  rouEd  the  region 
of  the  muacolftr  impression.  If  the  operation  is  properly  performed, 
the  shell  at  once  gapes  widely  ;  and  it  will  now  be  found  that,  if  the 
valve  which  has  sprung  up  is  pressed  down,  it  immediately  returns  to 
its  former  position.  The  ehell  that,  before,  could  hardly  be  forced 
open,  now  will  not  keep  shut.  The  reason  of  this  becomes  apparent 
if  the  soft  body,  the  edible  part  of  the  oyster,  which  lies  within  the 
shell  is  carefully  cleaned  out  so  that  the  interior  of  the  valves  caa  be 
seen.  On  looking  towards  the  hinge,  the  thick  elastic  cushion 
formed  by  the  middle  of  the  ligament,  will  bo  found  to  be  compressed 
when  the  valves  are  brought  together;  and,  when  the  external 
praeure  is  removed,  its  elastic  reaction  sui^ees  to  thrust  them  apart » 
ui  fact,  it  is  like  the  spring  of  a  door,  arranged  in  such  a  manner  as 
Id  keep  the  door  ajar.  While  the  oyster  is  alive,  the  great  muscle 
already  mentioned,  which  is  called  the  adductor  (Fig.  1,  add.),  the  ends 
of  which  are  attached  to  the  two  scars  on  the  inner  face  of  the  valvea, 
is  always  ready  to  overcome  the  elasticity  of  the  ligament  and  close  the 
vilvefl,  when  need  arisea  And  what  the  judicious  oyster-opener  doea 
ic  to  cut  this  muscle  close  to  one  or  other  of  its  attachments.  Thus 
the  force  by  which  the  valves  are  made  to  gape  is  elasticity  of  a  purely 
ynnchanioal  character,  and  is  as  active  in  the  dead  as  in  tiie  living 
oyster;  while  that  by  which  the  valves  are  closed  is  the  contractility 
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wbicb  inheres  only  in  living  muscle.  Hence  a  dead  oyster  is  readily 
known  by  its  petaistent  gaping. 

We  shall  see  that  h.  certain  amotint  of  sepoiration  of  the  vqItsb  is 
necessary  for  the  (lisoharge  of  all  the  fitnctions  of  the  living  oyster* 
Hence,  it  is  of  fMlvanttigo  to  the  animal  that  this  condition  should  he 
asBiimedandni&intBined  without  any  muscnlftreiertion  ;  while  intruders 
and  enemies  can  be  shut  out,  or  at  any  rato  shcu-ply  pinched,  at  any 
moment,  by  calling  the  adductor  into  action. 

If  one  valve  is  removed  very  carefully,  so  as  not  to  injure  the  sofl 
body  within  J  the  form  of  the  latter  is  seen  to  have  a  general  corre- 
spondence with  that  of  the  interior  of  the  shell.  It  is  therefore 
flattoued  from  side  to  side,  with  the  left  side  convex  and  the  rigbt 
flattened  (Fig*  1).  Its  contour  is  oval,  with  the  long  axis  perpendi- 
cular to  the  middle  of  the  hinge ;  and  there  ia  a  ihort  dorsal  side 

Fia,  1. 


An  Oynter  with  the  right  val?e  of  th«  shell  removed.   Natural  «ie, 

sh,  ihell ;  urn.  timbo ;  L  ligamenl;  m.  tnottth;  p,  palpa ;  hr.  bratieHict;  wii.  mantle  ; 
add,  odct actor  niaac)«  ;  A.  heart ;  cL  cIoaca  ;  anL  anterior ;  potst,  iKwterior  aldv, 

which  answers  to  the  latter,  and  is  excavated  in  the  middle,  in  oorre' 
spondenoe  with  the  convex  ventral  face  of  the  cushion  of  the  ligament. 
The  dorsal  half  of  the  anterior  edge  of  the  body  is  convex,  that  of 
the  posterior  edgo  is  nearly  straight,  or  even  slightly  excavated^ 
while  the  ventral  margin  continues  hack  the  onxve  of  the  anterior 
edge.   The  cut  end  of  the  ibick  adductor  muscle  m  a  conspicuous 


1881] 


m  Oysi^  tmd  the  Oyder  Question* 


object,  And  comsponds  in  sh&pe  witt  tie  adductor  imptession  on  the 
shell.  That  is  to  eay^  it  baa  tiie  form  of  a  half  oval,  the  etraiglit  «ide 
of  which  looks  dorsal ly  and  &  little  forward.  The  upper  aud  anterior 
portion  of  the  mnecle  ib  darker  tlian  the  rest  and  sharply  defined 
from  it  (Fig,  1,  add.), 

Jast  aboire  the  str&ight  eide  of  the  muscle,  a  dark  patch  indioates 
the  place  of  the  heart,  which  maj  be  seen  pulsating  in  the  chamber 
or  pericardium  which  contains  it  (Fig.  1,  A).  Above  this  the 
Hurface  of  the  body  is  covered  bj  a  smooth  and  delicate  skio  or 
integument,  through  which,  in  the  breeding  season,  the  reticalated 
whitish  tubes  of  the  teprodnctiye  gland  shine. 

The  chief  part  of  the  body  of  the  oyster,  which  for  want  of  a  better 
name  may  be  termed  the  irunk^  ia  a  somewhat  pyriform  mags  which 
extends  from  the  ventral  contour  of  the  addnctor  to  the  posterior  half 
of  the  dorsal  region,  and  lies  much  more  in  the  posterior  than  in  the 
anterior  half  of  the  body  (Fig.  2  (A)  ). 

The  rest  of  the  body  of  the  tnoUnsk  is  chiefly  formed  by  two 
bread  folds  of  the  integument  which  are  given  off  from  the  lateral 
margins  of  the  tmnk  on  each  side ;  extend  backwards,  forwards, 
and  downwards;  and,  closely  applied  to  the  inner  en r faces  of  the 
valvea,  end  by  thickened  free  margins,  which  have  two  rows,  an  inner 
and  an  ontcr,  of  close-^t  papillie.  The&o  three  folds  of  the  integu- 
ment are  called  the  tcbes  of  Ike  mmtl6  (Pig.  2  (B),  rM,  Lfnt). 
Their  snrfaceg  are  attached  by  a  series  of  delicate  muscular  fibres  to 
the  inner  surface  of  the  sheU,  at  some  distance  from  its  margin  and 
from  their  own  free  edges ;  and,  in  the  living  state,  the  fringe, 
beyond  the  line  of  attachment,  extends  to  the  edges  of  the  gape  and 
plays  the  part  of  a  sense  try  apparatus.  The  margins  of  the  mantle 
lobes  pass  into  one  another  above^  at  the  anterior  and  posterior  ends 
of  the  dorsal  integument  respectively,  so  that  the  cleft  between  them 
does  not  extend  on  to  the  dorsal  surface.  The  lobes  are  much  deeper 
in  front  and  below  than  behind  ;  hence  the  cavity  which  they  iucloie 
is  correspondingly  deeper  and  shallower  in  the  respective  regions.  If 
one  lobe  is  cut  through,  immediately  beneath  the  anterior  end  of  the 
doMl  integument,  atid  turned  bock,  it  is  seen  to  bound  a  wide  space 
which  extends  back  a  long  way,  in  fact  nearly  to  the  posterior  side  of 
the  trtmk.  This  is  the  veMule  (Fig.  2  (A),  vh),  and  the  dorsal 
istegitnient  which  covers  it  h  the  anterior  hood  or  tmmUug  (Fig,  2 
(A),  c).  Projecting  into  this  is  seen  a  sort  of  cone  which  at  its 
Upper  and  front  cud  bears  the  wide  slit-Hhe  mouth,  bounded  by 
broatl  Upa,  one  above  and  one  below.  The  angles  of  these  li|)S  are 
produced  like  an  upper  and  lower  moustache,  into  two  broad 
ttiftagiilar  flaps,  the  so-called  labial  pa!p9  (Fig.  2  (A),  p).  Below 
|jl60i^  the  mantle  lobes,  throughout  their  anterior  and  ventnd  regions, 
ilMSthlde  a  wide  space  termed  in/ra-braTichinl  (Fig.  2  (B),  in.  hr.ch.)^ 
because  the  four  plates  which  constitute  the  gills  or  braju^hicEf  and 
mr©  commonly  called  the  "beard,"  project  into  it  and  form  its  roof. 
Each  of  these  plates  or  lamellm  is  V-shaped  in  transverse  section 
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Fig.  2  (B)  ).  The  adjacent  upper  mds  of  the  four  V's  CVVW)  are 
united  togethoTj  while  the  outer  ends  of  the  right  and  left  V*s  respec- 
tively  are  attached  to  the  corresponding  lobes  of  the  mantle*  Heno© 


(A)  DieaectioD  of  an  O^eter  from  the  left  side.  (B)  Traimverae  peotioQ  of  the  same 
taken  aloDg  the  Hue  a.  b,  m  A. 

dATtaX  ;  V.  Tcntral ;  A,  anterior  j  F.  fwgterior  side ;  mi.  taAiiite ;  r,mt,f  LmL  iU 
right  And  left  lobes ;  c,  cncullua,  ot  interior  hood ;  ee.  velameii  or  posterior  hood; 
vb,  vestibub  ;  cL  cloaca  ;  m,  mouth  ;  p,  palpa ;  g.  ^llet ;  st.  stomach  ;  ldIm- 
tise ;  lost  part  of  the  mtefltme ;  an,  rent ;  Ir^  liver ;  pc.  pericurdium ;  oil. 
fturick  {  V.  T«iiiricl«  of  tht  heart ;  br,  braDchice  ;  gp,  the  four  lamella  of  the 
braschi^f  or  gill  plates,  of  which  two  make  np  the  left  branchia  (1.^-),  and  two 
tht  right  (r.6r.) ;  aM.fr. cA.  Kupra-brauchlal  chaiztber ;  m.br.ch,  infra-branchial 
chamber,  the  pOBition  of  th«  *'  ipat/'  or  mass  of  eggs^  being  shown  io  the  trmnS' 
Terse  auction  j  u.g.  urogenital  aperture.  The  duct  cf  th*  left  reproductiTe  gland 
ii  aeen  passing  from  it  and  ratnifyiog  oTer  the  stntnach  and  intesttn«^  In  the 
transverse  section^  the  cska  of  the  gland  are  shown  foi-ming  a  taj«r  immediatelj 
btneath  the  integument..  TluM4  of  tlu  right  gland  are  marked  r.g,  ;  g.  positioD 
of  the  two  priEtcipa]  neryoua  ganglia;  adit,  adductor  muscle. 
The  arrows  Id  (A)  iadtcate  the  ^araa  of  th«  Inflowing  and  oatAowiog  current t. 
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tho  gill  plaieii  hang  dciwii»  like  so  ntauy  eloDgatod  Crothic  sickld^ 
duipSd  pcndfttits,  ftom  the  roof  of  the  branchial  cavity,  which  is 
lbcra«d  by  thetp  conjoined  edges.  On  the  posterior  side,  the  cavity 
indofed  between  the  p&llial  lobeg  is  deep  below,  but  rapidly  becomes 
shallower  above,  where  the  lobes  are  narrowed  to  mere  bands.  The 
two  bands  pass  into  one  another  at  the  posterior  end  of  the  dorsal 
integament — and  form  a  rudimentary  posterior  hood^  the  velumen 
(Pig*  1  (A),  ve),  which  is  very  large  ia  many  other  LameUibranohfl. 
The  intestine  projects  beneath  the  integnment  aa  it  runs  obliquely 
downwatdg^  ovef  the  posterior  face  of  the  adductor,  to  end  in  the 
short  but  prominent  tnbnlar  vent.  The  posterior  interpallial  space 
into  which  this  opens  answers  to  the  cloaml  ehaimher  of  other  Lamel- 
tibrancbs  (Fig,  1  and  Fig.  2  (A),  d,).  It  is  continued  forwards, 
between  the  truak  and  the  dorsal  faces  of  the  gills,  into  a  long 
tupra-hranchiai  chamber  (Fig.  2  (A),  «(.&r,cA*),  which  extends  forwards 
and  upwards,  intent  of  the  trunk^  as  far  as  the  anterior  and  superior 
ends  of  the  gills.  For  their  anterior  third,  the  dorsal  edges  of  all 
the  gills  become  attached  to  the  front  face  of  the  trunk.  The  supra- 
brancbial  chamber  thus  becomes  subdivided  into  four  psRsages, 
which  end  blindly  in  front.  The  tnira-lamelhr  cavities,  which  are 
inclosed  by  each  V-shapcd  bmnchial  plate,  commuuicate,  either 
indirectly  through  these  passages,  or  directly >  with  the  supra- 
branchial  chamber,  and  this  widens  behind  into  the  oloacal  chamber, 
which  opens  freely  on  to  the  exterior  upon  the  posterior  side  of  tho 
body.  But  the  supra-branchial  chamber,  its  passages,  and  the  intra- 
lamellar  cavitieSf  would  be  completely  shut  off  from  the  infra<- 
branchial  chamber  by  the  waUs  of  the  gill  plates,  were  it  not  that 
these  walls  are  perforated,  like  a  sieve,  by  multitudes  of  very  narrow 
parallel  slits. 

The  month  of  the  oyster  leads  into  a  wide  gullet^  which  passes 
back  for  a  short  distance,  and  then  dilates  into  a  spacious  stomach, 
the  lower  and  anterior  end  of  which  is  continued  into  the  long 
oonical  first  part  of  the  intcEtine,  which  passes  downwards  in  &ont  of 
the  adductor,  closely  applied  to  its  anterior  contour.  The  next 
portion  of  the  intestine  then  bends  sharply  upon  itself  and  turns 
forwards  parallel  with  the  first  part ;  crosses  this  on  the  right  side, 
nus  up  along  the  back  of  the  stomach,  bends  forwards  and  down- 
wmrda,  aud  turning  back  on  the  left  side  of  the  stomach  (thus  forming 
m  completely  circular  loop)  passes  at  first  backwards  and  then  down* 
wards  to  the  vent,  the  place  of  which  has  been  already  described 

(Fig.  a  (A)). 

The  stomach  and  the  circular  loop  of  the  iateetine  are  sQiroimded 
by  a  dark  brown  or  greenish  organ,  the  short  branched  tubules  of 
which  unite  into  larger  tubes  or  ducts  which  open  iuto  tho  stomach. 
This  organ  is  known  as  tlie  liver — ^ though  it  by  m  means  exactly 
answers  to  the  organ  9o  called  in  tho  higher  animals,  but  secretes  the 
fluid  which  is  the  chief  agent  in  digestion. 

The  heart  (Fig.  2  (A)  )  lies  in  a  spacious  pericardial  cavity  (pc^) 
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dtiiated  between  the  flat  fac^  of  the  adductor  miidcle,  belimd  and 
below,  and  the  mass  of  the  digestive  viscera  in  front  and  aba?e.  It 
oonBist§  of  a  large  dark-colonred  auricular  ditision  (at*,),  parUy 
divided  into  two,  which  is  aitmted  bolow  and  in  front  and  which  oom« 
munioatea  by  two  short  tubnlar  paesages  with  the  pear-i^haped  yeiij- 
triele  (i^),  the  long  axis  of  which  is  directed  npw&rds  and  backwards. 
Large  arterial  tronks  are  continued  from  the  ventriclej  oco  upwards 
and  backwards  along  the  posterior  moiety  of  the  circuhLr  loop  of  the 
intestine,  one  forward  along  the  anterior  moiety,  one  downwards  to 
the  adductor.  The  euccoBsive  contractions  of  the  auricle  and  the  ven* 
trtcle  may  be  readily  Been  in  the  living  oyster.  The  blood  is  colour- 
less and  contains  numerouB  colourless  corpuscles.  It  is  conveyed  by 
the  arteries  to  all  parts  of  the  body  and  thence  proceeds  to  a  largo  i 
venous  canal,  which  lies  in  the  middle  line  of  the  anterior  face  of  the 
trunk.  From  this  it  passes  through  the  renal  organs  to  the  gills,  and 
is  theuce  returned  by  a  main  vessel  on  each  aide  to  the  auricular 
di vision  of  the  heatt*  The  branchias  consist  of  the  four  dcklo-shaped 
plates  already  mentioned,  which  extend,  in  pairs,  from  tho  palps  in 
front  and  above,  to  near  the  level  of  tho  vent  behiud  (Pig,  2  (A)  hr.\, 
Unlike  a  sickle,  however,  it  is  the  convex  edge  of  each  which  ie  sharp  j 
while  the  concave  edge  is  broader*  Each  plat©  or  lamella,  as  we  have 
BeeOf  ia  V-shapedj  consiBting  of  two  lamims  which  bound  the  intra- 
lamellar  cavity,  and  join  below  to  form  the  edge  of  the  lamella.  It 
can  be  shown  that  each  gill  plate  answers  to  half  the  gill  of  those 
LamellibranchB  in  which  the  structuro  of  the  hranchia  retains  its 
primitive  simplicity.  Consequently  the  oyster  has  two  gills  and  each 
lamella  is  a  hemi'hranchia  made  up  of  two  laifninm*  Of  the  three 
partitions  which  separate  the  supra<branchial  passages,  the  right  and 
loft  represent  the  stems  of  the  branchite,  while  the  middle  one  is 
formed  by  the  adherence  of  the  edges  of  tho  inner  laminie  of  the  two 
inner  hemi-branchiEe  to  one  another  and  to  tho  anterior  face  of  the 
trnuk.  Even  to  the  naked  eye  the  surface  of  a  hemi-bronchia  appears 
marked  with  regular  paraUeJ  transverse  lines.  And  a  low  magnify- 
ing power  shows  that  these  lines  are  the  optical  expression  of  a  series 
of  parallel  foldings  of  the  lamina,  Tho  re-ontering  angles  of  the  oppo- 
site folds  correspond  and  are  united  togothor  for  some  distanoe,  so  that 
tho  intra-lamellar  chamber,  or  cavity  of  the  hemi-branchia,  is  divided 
into  a  series  of  parallel  transverse  tubular  cavities,  which  are  widely 
open  abovo^  but  which  narrow  and  apparently  become  cloaod  below« 
Tho  lamina  itself  consists  of  close-set  parallel  hranthial  jilamenU. 
Each  of  these  filaments  has  the  shape  of  a  lath,  about  y^Attt  ^  inch. 
thick,  and  five  or  six  times  as  wide  ;  and  they  are  set  edge-wise  with 
their  flat  faces  not  more  than  ;^7^-i7th  of  an  inch  apart.  At  interrals^ 
transverse  bands  unite  these  lath-shaped  branchial  hlaments  together. 
The  outwardly  turned  edges  of  the  "  laths  "  are  closely  beset  with  very 
long  vibratile  hair-like  processes,  known  as  ciUa;  and,  during  life, 
these  work  in  such  a  fashion  as  to  drive  the  water  through  the  narrow 
clefts  between  the  branchial  filaments  into  the  cavities  of  the  tubes, 
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wbence  it  escapes  into  the  supra-braachial  pogBogcs  and  chuinber  md 
ih^^aee  mftkes  its  way  out  by  the  cloacal  chimiber.  Tbe  place  of  the 
water  thus  swept  out  of  the  infra-branchial  eh  umber  is,  of  course, 
made  good  by  a  corresponding  flow  between  the  palHal  lobes  into  it. 
Hence,  while  the  oyster  is  alive,  and  in  its  proper  element,  a  powerful 
atresm  constantly  sets  in  on  the  ventral  and  anterior  side  of  the  body 
and  pours  out  from  the  cloacal  opening  on  the  posterior  side*  The 
direction  of  the  stream  is  marked  by  the  arrows  in  Fig.  2  (A)» 

It  is  upon  tho  proper  maiutcnance  of  this  current  that  the  life  of 
the  oyster  depends*  For  these  ammals  feed  upon  the  microacopio 
organisme,  largely  consisting  of  diatomaoeous  plants,  which  live  in 
tbs  sea ;  and  as  they  possess  no  organs  for  seizing  such  food^  they  are 
almost  entirely  dependent  for  their  supply  of  nourishment  upon  the 
indraught  caused  by  the  cilm  on  the  giUs,  and  especially  upon  thode 
which  line  tho  edges  of  the  branchial  plates  and  direct  a  portion  of  the 
curreut  towards  the  mouth.  The  anterior  ends  of  each  pair  of  homi- 
brauchiffi  are  attached  between  the  two  palps  of  the  side  to  which  thej 
belong.  The  applied  surfaces  of  tho  palps,  bet  wee  u  which  lies  the 
commencement  of  the  mouth-cleft,  are  ridged  aud  richly  ciliated,  so 
that  anything  brought  by  tho  ciliary  cnrrent  of  tho  gills  is  led 
directly  into  the  oral  cavity.  The  cilia  which  lino  this  eventually 
drive  it  into  tho  stomach.  Thus  tho  unimpeded  action  of  the  cilia  of 
the  gills  is  essential  to  the  nutrition  of  the  oyster  ;  but  it  is  not  leas 
neoessftry  to  its  respiration^  to  the  carrying  away  of  the  waste  products 
of  the  renal  and  alimentary  organs,  and  to  the  expulsion  of  the  repro- 
ductive products.  For  all  these  processes  depend,  either  on  the  flow 
of  water  through  the  laminte  of  the  gills,  or  upon  the  current  which 
eets  out  from  &e  snpra-branohial  and  cloacal  chambers. 

Hence  the  importance  of  tolerably  clear  water  to  oysters.  If 
tarliid  water,  laden  with  coarse  sediment,  enters  the  infra-branchial 
cavity,  particles  of  mud,  too  large  to  bo  moved  by  the  cilia,  lodge 
upon  the  gills,  and,  gradually  obstructing  the  currentj  interfere  with 
the  primary  functions  of  feeding  and  breathing  to  such  an  extent  as  to 
injure^  or  even  to  destroy  the  animaU 

It  would  be  out  of  place  here  to  give  any  account  of  the  compli- 
cated renal  organs  of  the  oyster,  recently  discovered  and  described  by 
Dr.  Hook.  But  it  is  necessary  to  notice  the  openings  by  which  the 
tmvity  oommon  to  them  and  tho  reproductive  organs  debouches, 
Tbeae  are  the  small  slit-like  apertures  (Fig.  2  (A),  t^.)  situated  one 
on  each  side  of  the  lower  and  front  face  of  the  trunk,  which  open 
into  the  supra-brauchial  cavity. 

The  nervous  eyatem  of  tho  oysters  is  moro  poorly  developed  than 
that  of  any  of  thoir  allios  among  the  lamelli  branchiate  moLlusks, 
OnJy  two  out  of  the  three  pairs  of  nerve  mosses^  or  ganglia,  which 
tli««6  animals  oidinarity  possess  have  been  clearly  made  out,  while, 
of  thefle,  the  pair  which  is  most  likely  to  represent  the  son  son  um  uf 
M^ker  Mumals  is  exceedingly  smalL  Moreover,  no  organs  of  spei^ial 
■ttM  have  been  demonstrated.   So  that,  if  any  reasoning  from 
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analogy  is  permissible  on  this  subject,  it  is  probable  that  the  Bensi* 
bility  of  the  oyster  is  infiaiteeimally  amall. 

The  oyster,  aa  W6  barQ  Baeti,  po^seaseB  one  very  large  adductor 
muscle,  but  only  ooe.  Almost  all  other  Lamellibrauchs  (e.  ^.cocklen, 
mussels,  razor Ush)  have  two  ;  one  in  front,  near  the  mouth  ;  and  one 
behind,  in  a  poeitioii  which  exactly  answers  to  that  of  the  single 
adductor  of  the  oysten  The  latter,  therefore,  is  ealled  moitom^ar^, 
or  onc-museled,  while  the  former  are  dimyary^  or  two^muscled  ;  and  A 
serias  of  forms  can  be  ealdcted  among  the  eea  mussels  and  the  scallops 
which  show  the  posterior  adductor  becoming  larger  and  larger,  while 
the  Interior  diminishes^  until,  in  the  oyster,  it  disappeare. 

During  the  summer  and  autumn  months^  &om  as  early  as  May  to 
as  late  as,  or  even  later  than,  September,  according  to  circumstances, 
of  which  the  temperature  and  the  depth  of  the  water  in  which  the 
oysters  live  appear  to  be  the  most  influential,  a  certain  proportion  of 
the  oysters  in  an  oyster-bed  pass  into  a  peculiar  condition,  and  are 
said  by  the  fishermen  to  be  "  sick/'  In  about  half  of  those  sick 
oysters,  a  whitish  substance  made  up  of  innumerable  very  minute  gra- 
nnies, imbedded  in,  and  held  together  by,  a  sort  of  slime,  collects  in 
the  in&a-branchial  chamber,  filling  up  the  interspaces  between  the 
mouth  and  the  gills,  and  between  the  gill  plates  themselves,  and  even 
occupying  the  vestibular  Ciivity  so  completely  that  it  is  difficult  to 
understand  how  the  procesaee  of  breathing  aad  feeding  can  bo  carried 
on  (Fig.  2  (B)  ). 

This  granular  elime  is  what  is  known  as  "  white  spat,"  and  the 
granules  are  the  eggs  of  the  oyster.  By  degrees,  the  granules  become 
more  or  less  coloured;  and  the  mass,  acquiring  a  brownish  hue,  ia 
termed  black  s|>at/'  This  change  depends  on  the  development 
of  the  young,  which  acquiro  a  certain  degree  of  coloration  within  the 
eggs*  At  the  cud  of  a  period,  the  length  of  which  varies  with  the 
temperature  of  the  water  and  other  conditions,  but  appears  rarely  to 
exceed  a  fortnight,  the  mass  of  black  spat  breaks  up^  and  the  young, 
hatched  out  of  the  eggs,  leave  the  mantle  cavity  of  the  parent  in  which 
they  have  been  thus  incubated.  They  become  diffused  through  the 
water,  and  swami  in  vast  multitudes  at  the  surface  of  the  sea* 

A  single  full-grown  oyster  produces,  on  the  average,  about  a 
million  of  these  free-swimtning  young  or  Jarvoj.  If  a  glass  veseel 
is  filled  from  the  stratum  of  surface-water  in  which  the  larvte  swim, 
and  held  up  to  the  light,  it  will  appear  full  of  minute  particles — ■ 
only  ji^th  of  an  inch  long,  and  therefore  just  visible  to  the  naked 
eye — which  are  in  active  motion.  An  ordinary  hund-magnifier  m 
sufficient  to  show  that  these  minute  organisms  have  very  much  the 
aspect  of  the  Rotifer or  wheel  animalcules,"  so  common  in  &esh 
water.  They  have  a  glassy  transparency,  and  are  colourless,  except 
for  one  or  more  dark  brown  patches;  while,  at  one  end,  there  is  a 
disk,  like  the  "  wheel "  of  the  Eotifers,  the  margins  of  which  are 
apparently  in  rapid  motion,  and  which  serve  as  the  organs  of  pro* 
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pulsion.  When  this  propellor  is  moderately  active,  the  lar?ffi  dance 
np  and  down  in  tlie  water ,  with  the  di^  appermest ;  but  when 
the  action  is  more  rapid,  they  swim  horizontally  with  the  disk 
farwaitL 

How  long  the  larval  oysters  remain  in  this  locomotive  state,  under, 
natural  oonditionB,  is  unknown,  but  they  may  certainly  retain  their 
activity  for  a  week,  as  I  have  kept  them  myself  in  a  bottle  of  sesr- 
water,  which  was  neither  changed  nor  aerated,  for  that  period.  But, 
sooner  or  later,  they  settle  down,  fix  themBelves  by  one  side  to  any 
solid  body,  and  rapidly  take  on  the  characters  of  minute  oysters, 
which  have  the  appearance  of  flattened  disks,  ^th  of  an  inch,  more 
or  less,  in  diameter;  they  are  therefore  perfectly  visible,  as  white 
dote,  on  the  surface  of  the  substance  to  which  they  adhere.  In  this 
condition,  the  name  of  "spat"  is  also  applied  to  them.  The  loco- 
motive Jarvffi  being  practically  invisible  in  the  sea,  this  spnt  appears  to 
be  as  it  were  precipitated  out  of  the  water;  and,  since  great  quan- 
tities appear  at  once^  the  oyster  fishermen  speak  of  a    fall  "  of  spat. 

It  is  important  to  observe,  that  when  oyster  fishermen  say  that 
there  has  been  no  "  fall  "  of  spat  in  a  given  season,  all  that  is  really 
implied  is  that  the  young  fixed  oysters  have  not  made  their  appearance. 
The  fact  of  the  absence  of  a  "  fall  of  spat "  does  not  justify  the  con- 
clusion that  the  oyatera  have  not  bred  as  usual.  It  is  quite  possible, 
that  just  as  many  eggs  have  been  deposited  in  the  bronchi^  cavity, 
and  that  just  as  many  larvaa  have  been  set  as  in  other  years ;  but 
that  the  larvse  have  been  destroyed  by  ihoee  changes  of  temperature 
to  which  they  are  so  sensitive,  or  by  other  causes.  But,  of  oourse,  it 
is  also  quite  poBsible  thst  the  oysters  have  been  really  barren ;  or 
that,  although  the  eggs  have  reach od  the  mantle  cavity ^  tLe  larvie 
have  not  batched  out.  Oyster  eggs,  no  less  than  hens'  eggs,  may  be 
addled. 

It  is  obviouely  useless  to  speculate  upon  the  causes  of  a  "  failure 
of  spat,'*  until,  by  the  examination  of  eaiuplefl  of  oysters  from  time  to 
lime,  and  by  sweeping  the  superjacent  water  with  a  fine  to  wing-net, 
&e  exact  nature  of  the  particular  case  of  failure  has  been  ascertained., 
There  is  much  reason  to  believe  that  the  fertility  of  oysters  preserved 
in  parks  is  greatly  diminish c<l,  although  the  oysters  themselves  may 
be  improved  in  fatness  and  quality  by  the  process,  and  that  this  ia 
especially  the  case  when  the  water  in  which  they  are  preserved  has  a 
low  degree  of  salinity ;  and  it  is  very  desirable  to  ascertain  the  nature 
of  the  modiiications  effected  in  the  structure  and  functions  of  the 
reproductive  apparatus  of  the  oyster  under  those  circumstances. 

It  is  uufortnnate  that  the  same  word  "  spat  **  should  bo  applied  to 
things  eo  difibrent  in  their  nature,  as  the  egga  aud  unhatcbed  young 
of  the  oyster  contained  within  the  mantle  cavity  on  the  one  hand,  and 
the  young  fixed  oysters  on  the  other ;  while  there  is  no  familiar  name 
§o/t  the  very  importaut  stage  of  development  which  lies  between  these 
Iwu.  *•  Brood,  "  fry,"  and  "  spat  "  would  be  very  convenient  names 
ht  the  thvee  stages,  if    brood  "  were  not  already  in  use  for  the 
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Emallest  of  the  yonng  fijced  ojsliere.  Forliapfl  the  most  convenient 
courso  will  bo  to  iiso  fry "  for  the  eggs  or  embryos  which  are 
contained  witbin  tbo  mantle  tiavity  of  the  parent;  ''larYeo"  for  the 
locomotive  stage ;  and   spat "  for  the  final  condition^ 

In  order  to  become  epat,  the  larva  appears  invariably  to  fi^  itaelf 
by  one  eido  (almost  always  the  left)  ;  and,  if  the  surface  is  favourable, 
the  extent  of  the  snrfaee  of  adhesion  becomes  very  considerable,  and 
tho  oyster  is  fixed  tbronghout  lifa  Bat>  if  tho  surface  of  adhesion  is 
small,  the  oyster,  as  it  increaees  in  size,  readily  becomes  detached  and 
lies  free>  thongh  motionless,  on  the  bottom* 

The  yoimg  oysters  grow  very  rapidly »  In  five  or  six  months,  they 
attain  the  size  of  a  threepenny  piece ;  and,  by  the  time  they  are  ft 
twelyemonth  old,  they  may  roach  an  inch  or  more  in  diameter.  The 
rate  of  growth  varies  with  the  breed  of  oyster,  and  with  the  conditions 
to  which  it  is  exposed ;  but  it  is  a  roughly  accurate  and  convenient 
way  of  pntting  the  matter  to  say,  that,  at  two  years,  the  oyster 
measures  two  inches  across,  and  at  three  yeara,  three  inches*  After 
this,  which  may  be  regarded  as  the  adult  age,  the  growth  is  niuoh 
slower,  and  the  shell  increases  in  thickness,  much  more  than  in 
circumference. 

The  natural  term  of  the  oyster's  life  is  not  known,  but  there  is 
reason  to  believe  tiat  it  may  oitend  to  twenty  years  or  more.  An 
excellent  authority.  Professor  Mobiua,  is  of  opinion  that  most  of  tha 
adult  Schleswig  oysters  are  from  seven  to  ten  years  old,  and  that, 
though  oysters  over  twenty  years  of  age  are  rare,  he  has  met  with 
occasional  specimens  which  had  attained  between  twenty-five  and 
thirty  years. 

Oysters  breed  long  before  they  are  full  grown,  very  probably  ia 
the  first  year  of  their  age,  certainly  in  the  second.  Their  productivity 
appears  to  roach  its  maximum  at  five  or  six  years,  and  afterwards  to 
decline ;  but  much  further  observation  is  needed  before  any  definito 
roles  can  be  laid  down  on  this  subject. 

These  are  the  most  important  obvious  phenomena  presented  by 
the  reproductive  processes  of  the  oyster.*  Wo  must  now  consider 
them  a  little  more  in  detail^  and  under  those  aspects  which  are  hidden 
from  ordinary  observation. 

The  oyster,  like  other  animals^  takes  its  origin  in  an  egg,  or  mum, 
a  minute,  relatively  structureless,  protoplasmic  sphoroidal  body,  about 
5^th  of  an  inch  in  diameter,  by  a  long  series  of  developmental 
changes  which  take  place  in  that  ovum  after  it  has  united  with 
another  living  particle  of  extremely  minute  size,  the  ^penrmiozoon,  and 
in  consequence  of  the  fertilisation  effected  by  that  union,  just  as  the 
ovule  of  a  plant  develops  in  consc^^nenee  of  the  infiuence  of  the  poUen 


*  It  must  be  remembered  that  tho  accoant  here  given  holds  good  only  of  the 
Otirea  edftiia  of  EngLind  and  Northern  Europe,  In  the  PortitgueHe  ojtter 
(0.  atviuhtd)  and  the  American  o jitter  {0,  virginiana)  the  cgg»  are  aet  fr««  ll^ 
onc&t  and  are  not  incubated  in  tlio  mautle  cavity  of  the  parGul^. 
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upon  it  And  the  first  problem  ia,  Wbero  are  these  ova  and  aperma- 
tozoa  formed  ?  Does  each  oyster  produce  both^  or  are  thoy  formed  in 
dbtinct  oystors  ?  This  is,  in  fact,  the  veiad  queation  of  the  sesea  of 
the  oyster,  which  has  been  the  subject  of  go  much  discussion^  and  for 
which  the  answer  is  gradually  shaping  itself j  tbanka  mainly  to  the 
TeoeQt  labours  of  Mobius  and  Hook. 

I  have  already  etated  that  if  the  surface  of  the  trunk  of  a  full- 
grown  oyster  is  examined  carefully  with  a  lens,  or  even  without  one» 
n  curious  ramiiied  and  more  or  less  reticulated  whitish  marking,  which 
is  Tery  obvious  iu  the  breeding  season,  is  observable  beneath  the  thin 
integument.  By  appropriate  methods  of  in  vest  i  got  ion  it  is  easily 
determined  that  this  marking  is  produced  by  the  ramifications  of  a 
tubular  orgau,^ — the  reprocluctive  gland^ihQ  trunk  of  which  debouches 
into  a  cavity  common  to  it  and  the  reual  organs,  which  again,  it  wiU 
be  recollected,  communicates  by  a  narrow  sUt  with  the  supra-brauchial 
chamber  (Fig.  2  (A),  ug).  The  trunk  of  the  glaud,  ou  each  side, 
passes  upwards  and  backwards,  in  front  of  and  above  the  adductor 
and  muscle,  and  gives  off  a  multitude  of  branches,  some  of  which  cross 
the  middle  line  and  become  inextricably  united  with  those  of  the  other 
side,  while  others  form  a  network  beneath  tho  skin  which  oovera  the 
stoBoach  and  the  liver*  From  this  network,  bHnd  ofi&hoota  are  given 
off  perpendicularly  inwards,  and  extend  for  a  variable  depth  into  the 
interior  of  the  body.  The  whole  extent  of  the  walls  of  tho  tubes  of 
tbia  reproductive  gland  is  lined  by  nucleated  cells,  and  it  is  by  the 
inetaMorpboees  of  these  cells  that  the  ova,  on  the  one  haud»  and  the 
spermatoj^oa,  on  the  other,  are  produced. 

During  the  breeding  season,  an  examination  of  the  adult  oysters 
on  ftn  oyster-bed  shows  that  the  number  of  individuals  the  repro- 
ductive glands  of  which  contain  hardly  anything  but  ova  is  about 
equal  to  that  of  the  individuals  in  wMch  the  teprodiictivo  gland 
contains  hardly  anything  but  spermatozoa.  I  Bay  "  hardly  anything 
because  competent  observers  bavo  afBrmed,  that  careful  search  will 
always  reveal  a  few  spenuatozoa  in  the  former,  and  a  few  ova  in  the 
latter.  Whether  this  be  so  or  not,  there  can  be  no  doubt  thai, 
practically,  oysters^  while  actually  breeding,  are  either  males  or 
fomales. 

When  tho  ova  or  spermatozoa  are  ripe,  they  0ow  out  of  the  repro- 
ductive gland  into  the  surrounding  water.  The  spermatozoa  are 
eairied  away  by  the  exhalont  currents  of  the  oyster  in  which  they  are 
developed,  and  are  doubtless  drawn  in  by  the  inhalent  currents  of 
ftdjiboeiit  oyeters,  the  eggs  of  which  they  fertilise.  And,  as  the  eggs 
already  exhibit  the  first  of  that  series  of  changes  which  lead  to  the 
tomnation  of  tho  larva,  when  they  leave  the  reproductive  gland,  it 
would  appear  that  ihey  must  undergo  fertilisation  whUu  stiU  within 
that  orgim* 

The  eggs  which  pass  into  the  supra^branchial  chamber  must  also 
be  driveii  out  by  the  exhalent  current ;  hut  it  would  seem  that^  when 
they  rmck  the  hindef  edge  of  the  branchial  partition,  they  come 
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within  the  influence  of  the  uibalent  current  and  arc  thereliy  swept 
back  into  the  infn^-bt&ucbial  chamber.  Here  they  ftccumnliite,  and 
becoming  imbe^lded  in  a  viscid  alhnminouB  matter^  secreted  bj  tha 
parent,  coDBtitute  the  "white**  fry  (Fig,  2  (B)). 

From  the  nature  of  the  case,  this  acooant  of  what  t^kes  place  is 
not  tho  result  of  direct  obeervation  j  but  it  seems  to  be  by  far  the 
most  probable  explanation  of  the  facts  which  can  be  obserred.  In  an 
oyster  which  contains  white  fry,  in  fact,  the  reproductiTe  gland  ia 
flaccid,  aud  contains  nothing,  or  hardly  anything,  bnt  a  few  unei- 
pelled  ova. 

The  case  is  different,  however,  with  oysters  the  egga  of  which 
have  been  laid  so  long  that  they  have  passed  into  the  condition  of 
"  black  ept*t."  Here  many,  or,  as  I  have  recently  found  in  one  case, 
the  great  majority,  of  the  tubes  of  the  gland  contain  developing  sper- 
matozoa, while  only  a  few  eiJubit  ova.  And  Dr.  Hoek  has  recently 
made  the  importaut  observation  that,  if  an  oyster  which  contains  fry 
is  kept  for  a  fortnight  in  an  aquarium  by  itself  and  then  examined, 
the  reproductive  organ  will  be  found  no  longer  to  <>ontain  ovftj  bnt 
abmdant  developing  and  fully  formed  spermatozoa. 

After  producing  eggs,  in  fact,  the  female  oyster  changes  ita  sex 
and  becomes  male. 

The  conclusion,  first  advocated  by  M*  Bavaine  many  yoarg  ago, 
that  the  same  individual  oyster  is  alternately  male  and  female,  is 
therefore,  unquestionably  correct.  What  has  yet  to  be  made  out  is 
the  period  of  recurrence  of  this  extraordinary  alternation  of  sexes* 
Do  oysters  change  their  sexes  once  or  more  £bau  once  in  a  season  ? 
Until  this  point  is  ascertained,  all  oalculatioEB  as  to  the  propor- 
tionate number  of  oysters  which  breed  during  a  eeasonf  based  on  tbd 
observation  of  the  proportion  of  those  which  at  any  given  time  oontoiii 
fry,  are  obviously  unsafe*  If,  for  example,  the  alternation  took  plaea 
once  a  month,  not  more  than  half  the  oysters  might  at  any  time 
contain  fry,  and  yet,  in  four  months,  every  oyster  might  have  spatted 
twice. 

In  the  case  of  the  PortugncBe  and  the  American  oysters,  in  which 
both  the  reproductive  products  pass  at  once  into  the  water  and  no 
incubation  takes  place,  artificial  fecundation  is  easily  efiected.  Tho 
embryos  develop  normally,  pass  through  their  changes  within  the 
egg,  and  their  locomotive  stage,  into  the  condition  of  fixed  oystera 
rapidly,  when  confined  in  properly  arrangod  aquaria.  It  is  probable^ 
therefore,  that  artificial  breeding  will  sooner  or  later  be  practised  on 
a  groat  scale  with  these  oysters.  In  the  ease  of  our  own  oysters, 
artificial  propagation  by  the  methods  praoti^d  in  the  case  of  the 
Portuguese  and  Amerit^n  forms,  which  involve  the  destruction  of  both 
parents,  is  obviously  out  of  the  question,  unless  some  substitute  can 
be  found  for  the  process  of  incubation,  during  which  it  is  probable 
that  the  young  oysters  receive,  not  merely  shelter  bnt  nourishment, 
from  the  parent*  But  a  careful  study  of  the  conditions  under  which 
our  oysters  breed  freely,  will  no  doubt  enable  oyster  cultivators  to 
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imilftte  iheee  cottditions — md  to  place  tbeir  breeding  stock  under 
ciicnmitMices  in  which  hnrtful  influences  shall  be  excludeii,  while  the 
tarvm  ftre  prevented  £rom  w&ndering  too  far  and  {acilitiea  are  afforded 
for  theii*  attachment. 

It  has  been  seen  that  the  young  animal  which  ia  hatched  ont  of 
tihe  egg  of  the  ouster  is  estremelj  nnlike  the  adult,  and  it  will  be 
worth  while  to  consider  its  character  more  doBoly  than  we  Lave 
liitherto  done* 

Under  a  tolerably  high  magnifying  power  the  body  is  ohseryed  to 
be  inclosed  in  a  transparent  but  rather  thick  shell,  composed,  as  in 
the  parent,  of  two  Talves  united  by  a  straight  hinge  (Fig.  3  A.  k).  But 
these  iralves  are  symmetrical  and  similar  in  size  and  shape^  so  that 


Fio.  3. 


The  larra  of  the  Oyeter. 

A,  tlA*  www.  frrol  v.  velum  with  its  long  ciUm  ;*  a,  ftiophmgtu  or 

foUtft  ;  f*.  itomftcb  ;  rj.,  I.L  rifht  mid  U(t  lobw  of  the  "liTifr";  u  intflstiae ; 
mk.  Tcttt;  a.  *idd.  interior  addactor  muKl«  whicli  «)oae  ext«t«  in  \mrwm\ 

r.L  snpchor  mnd  InferiDr  miutiiei  which  reirkci  tha  Yalum  iafco  tin  th«]l,  lA. 
i.  hiage  m  the  thell. 


the  stiell  resemhloB  that  of  a  cookie  more  than  it  does  that  of  an 
adidt  oyster.    In  the  adult  tfao  shell  is  composed  of  two  substances 
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of  difiercnt  oliarai^ter,  Ihe  outer  brown  ieb^  with  a  fri&ble  priematic 
EtructiirOf  tlio  mner  dense  and  nacreous.  In  the  larva,  tbero  is  no 
such  distinciioii,  and  ilie  whole  sbeU  coDBists  of  a  glassy  subetatico 
devoid  of  any  definite  Btrucfcure. 

The  hinge  line  answers,  as  in  the  adult,  to  the  dorsal  eide  of  the 
body.  On  the  oppoeite,  or  ventral  side,  the  wide  month  (m.)  and  the 
minute  vent  (an.)  are  eocn  at  no  great  distance  from  one  another, 
Frojectlng  from  the  front  part  of  the  aperture  of  the  ehell  there  Ib  a 
sort  of  outgrowth  of  the  integument  of  what  we  may  call  the  back  of 
the  neck^  into  a  large  oval  thick-rimmed  diak  termed  the  velum  (t?,), 
the  middle  of  which  preRcnts  a  more  or  less  marked  convex  promi- 
nence. The  i-im  of  tho  disk  is  lined  with  loug  vibratile  cilia,  and  it 
is  the  lashing  of  these  cilia  which  propels  the  animal^  and,  iii  the 
absence  of  giQfl,  probably  subserves  respiration.  The  funnel-shaped 
mouth  has  no  {mips ;  it  leads  into  a  wide  gullet  and  this  into  a 
capacioufl  stomach.  A  sac-like  process  of  tho  stomach  on  each  side 
(rl.f  LI.)  represents  the  "  liver."  The  narrow  intestin©  is  already 
partially  coiled  on  itself,  and  this  is  the  only  departure  from  perfect 
bilateral  symmetry  in  the  whole  body  of  the  animal.  The  alimen* 
tary  canal  is  lined  throughout  with  ciliated  c^lls,  and  the  vibration  of 
these  cilia  is  the  means  by  which  tho  minute  bodies  which  serve  the 
larva  for  food  are  drawn  into  the  digestive  cavity. 

There  are  two  pairs  of  delicate  longitudinal  muscles  (f r.u}  which 
are  competent  to  draw  bock  the  ciliated  velum  into  the  cavity  of  the 
shell,  when  the  animal  at  once  sinks.  The  complete  closure  of  the 
valves  is  effected,  as  in  tho  adolt^  by  an  adductor  muscle,  the  fibres  of 
which  pass  from  one  valve  to  the  other  (Fig.  3,  a.  add,).  But  it  is 
a  very  curious  circumstance  that  this  adductor  muscle  is  mi  the  same 
as  that  which  exists  in  the  adult.  It  lies,  in  fact,  m  the  fore  part  of 
the  bodyj  and  on  the  dorsal  side  of  the  alimentary  cauaL  The  great 
muscle  of  the  adult,  on  the  other  hand,  lies  on  the  ventral  side  of 
the  alimentary  canal  and  in  the  hinder  part  of  the  body.  And  as 
the  muscles,  respectively,  lie  on  opposite  sides  of  the  alimentary 
canal,  that  of  the  adnlt  cannot  be  that  of  the  larva  which  haM  merely 
shifted  its  position  ;  for,  in  order  to  get  from  one  side  of  the  alimen- 
tary canal  to  the  other,  it  must  needs  out  tbrough  that  orgaru  But^ 
as  in  the  adult,  no  adductor  muscle  is  discoverable  in  the  poaitioa 
occupied  by  that  of  the  larva,  or  anywhere  on  the  dorsal  side  of  the 
alimentary  canal ;  while,  on  die  other  hand,  there  is  no  trace  of  any 
adductor  on  the  ventral  side,  in  the  larva— it  follows  that  the  dorsal 
or  anterior  adductor  of  the  larva  must  vanish  in  the  course  of  develop- 
ment,  and  that  a  new  ventral  or  posterior  adductor  must  be  developed 
to  play  the  same  part  aud  replace  the  original  muscle  functionally, 
though  not  morphologically  * 


*  The  Inrvft  of  ilia  eockk  hiu,  at  first,  like  tbo  ojster  larva,  only  one  ad- 
ductor, whioli  anawera  to  the  anterior  of  the  two  at^duotora  which  the  cockle 
pmrnsi^  in  the  ^uU  »iAie. 
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This  snbfltitotion  is  the  more  interestiDg  eiDceit  tends  to  tbs  same 
ooncltisioii  as  that  towards  which  »11  the  special  poculiaritiea  of  the 
oyster  lead  us  ■  ubjucIj,  that,  so  far  ftom  being  &  low  or  primitive 
form  of  the  group  of  lamelli branchiate  mollusks  to  which  it  belongs, 
it  ifi  in  reality  the  eitreme  ttrm  of  one  of  the  t^ro  linos  of  modifioai- 
tion  which  are  obBervahle  iu  that  gronp.  The  TrigoniiF^  tho  arha,  tho 
oocklee^  the  freehwater  musftele,  and  their  allies,  conjsdtute  the  central 
and  typical  group  of  theso  moUnsks.  They  poseees  two  enh^-equal 
ftilductors,  a  largo  foot,  and  a  body  which  ia  neither  very  deep  nor 
vtsry  long.  From  these,  the  sories  of  the  boring  bivalves  eihibite  a 
gradnal  elongation  of  the  body,  ending  in  the  ship-worm  (Teredo)  aa 
its  extreme  term.  While,  on  the  other  band,  in  the  sea  mnssele^  the 
Acieulm^  and  the  Bcallops,  we  have  a  scries  of  forme  which,  by  the 
constant  shortening  of  the  length  and  increase  of  the  depth  of  the  body, 
the  redaction  of  tlie  foot,  the  iliminntion  of  the  anterior  of  the  two 
addnctors,  and  the  increaae  of  the  posterior,  until  the  latter  becomes 
Tcry  large  and  the  former  disappears,  end  in  the  oyster. 

And  this  conclusion,  that  the  oysters  are  highly  specialised  Lamelli- 
branchSf  agrees  very  well  with  what  is  known  of  the  geological  history 
of  this  group,  the  oldest  known  forms  of  which  are  all  dimyary,  while 
the  monomyary  oysters  appear  only  later* 

When  the  free  larva  of  the  oyster  settles  down  into  the  fixed  state, 
the  left  lobe  of  the  mantle  stretcbes  beyond  its  valvo  and  applying 
itself  to  the  surface  of  the  stone  or  shell,  to  which  the  valve  is  to 
adhere,  secretes  shelly  matter^  which  serves  to  cement  the  valve  to  its 
support.  As  the  animal  grows,  the  mantle  deposits  new  layers  of 
fihell  over  its  whole  surfaoe,  ao  that  the  larval  shell  valves  beeome 
eepamted  from  the  mantle  by  the  new  layers  which  crop  out  beyond 
their  margins  and  acfiuiro  the  characteristic  prismatic  and  aacreows 
Rtrnetnre.  The  summits  of  the  outer  faces  of  the  nmbones  thus 
Cfnrespcind  with  the  places  of  the  larval  valves,  which  soon  cease  to 
he  disciemible.  After  a  time,  the  body  becomes  ct^nvcx  on  the  left 
side  and  flat  on  the  right ;  the  successively  added  new  layers  of  shell 
mould  themselves  upon  it ;  and  the  animal  acquires  the  asymmetry 
dxiraetaristic  of  the  adult. 

Oysters  arc  gregariouE,  in  couBequcnce  of  the  vast  multitude  of 
loeomottv^  larvie  which  are  set  free  simultaneously  ;  and  which,  being 
sabjected  to  the  same  influences,  tend  to  settle  about  the  same  time  in 
the  are*  lo  which  the  swa^  tlrifts.  Millions  of  oysters  are  thua 
aggftfgatfeJ  together  over  stretches  of  the  bottom  of  the  6e&,  at  depths 
«l?rm  one  or  two,  to  twenty  or  more,  fathoms,  and  constitute  what 
an  known  m  oyster  beds. 

Although  oysters  live  and  grow  well  enough  in  estuaries,  in  which 
the  aalini^  of  the  water  undergoes  large  variations,  acoctrding  to  the 
ftate  of  the  tide  and  the  volume  of  fresh  water  that  is  poured  in,  yet 
they  do  not  flourish  pnniiatu  ntly  and  breed  freely  in  water  with  lesa 
than  3  per  cent*  of  saline  constituents.   Thus  the  Baltic  is,  at  pre* 
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Bent,  unfit  for  their  support ;  aud  the  east  coast  of  Schleswig,  wo&hed 
by  Hb  brackish  waters,  ib  devoid  of  oystors^  wliile  ceTtain  parta  of  tho 
west  coast  are  faiiiouB  for  thoix  oyster  beds.  Gravel,  etoues,  mal  dead 
shells — commonly  knowti  m  c«ltch  " — form  the  most  favouruble 
bottom,  as  tlicy  facilitate  the  attachment  of  the  yoniig.  Distiirl>ed 
muildy  bottoms,  ou  the  other  hand,  are  fktal,  for  reaflf>ns  which  have 
already  l>een  given.  But  it  is  a  curious  fact,  that  ctou  where  a  hurge 
extent  of  sea-bottom  proscute  apparently  the  same  condition^  ojstei 
beds  occur  in  eotue  localiticfi  mid  not  in  others. 

The  struggle  for  eiistetice  is  as  intense  in  the  case  of  the  passive 
oyster  as  in  that  of  the  most  active  of  animals.  Oyster  competes 
ttgainet  oyster  for  tho  common  store  of  food  simpended  in  the  winter, 
and  for  the  dissolved  carbonate  of  limo  out  of  which  the  shell  must 
be  made.  Innumerable  other  animals,  sponges,  corallines,  polypes^ 
tonicfttes,  other  bivalve  molltisks,  especially  niiisselB  and  eookles;,  liv© 
in  the  saUic  way  and  aV^uud  on  oyster  hedsj  often  attached  ta  the 
shells  of  the  oysters.  Prof.  Mobius  counted  as  many  as  221  distiuel 
animala  of  vai-ioua  species  on  one  oyster  shell.  All  those  compete 
with  the  oyster  for  food,  while,  on  the  other  hand,  they  may 
oocaaionally  supply  food  to  the  oyster  in  the  shape  of  debris,  anJ^ 
perhaps,  of  their  eggs  and  microsmpic  larvte. 

Prora  birth  onwards  oysters  are  the  p^ey  of  many  animals.  The 
minute  larvaj,  as  they  swim  about^  are  probably  swallowed  by  every- 
thing which  has  a  mouth  large  enough  to  admit  them  ;  and^  as  soon 
tho  young  oysters  have  l>ecorao  sedentary,  they  are  eaten  by  every* 
thing  which  has  jaws  strong  enough  to  crush  them.  Ground  fishca,. 
snob  as  rays  and  tish  of  the  eod  tribe,  easily  break  them  up  when  they 
have  grown  much  larger  ;  while  starfishes  swallow  them  whola  Even, 
the  hiilf-grown  oyster,  wdth  a  shell  strong  enongh  to  resist  most  te^th, 
and  too  big  for  the  maw  of  an  ordinary  starfish,  is  not  safe  from  iba 
depredations  of  the  degwhelk  {Purpura  lapilluii)  and  tho  wholk  tingla 
{Murex  erinaceu8)j  which  eftbct  a  burglarious  entnince,  by  means  of 
iho  centre-bit  with  which  nature  has  provided  their  mouths.  It  ia 
very  curious  to  watcsh  a  dog  whelk  perched  uimju  an  oyster  shell  and 
patiently  working,  hour  after  hour,  uotil  the  little  and  apparently 
iiisignitieanfc  tnnuel,  by  which  the  insidious  enemy  will  get  access  to 
the  fat  prey  withiti,  is  com|deted.  If  you  pull  him  off,  he  puts  on 
soft  a  look  a»  the  most  innocent  snail  could  do,  as  who  should  say, 
"  Why  prevent  me  from  establishing  closer  intercourse  with  the  dear 
neighbour  at  the  other  end  of  my  tunnel?"  Tho  guardians  of  the 
oyster,  however,  who  have  not  much  of  the  '*  friend  of  humanity  " 
about  them,  ruthlessly  arrest  the  operationa  of  the  tunnelleTB  by 
sudden  squash  with  boot  or  hammer.  And  well  they  may,  for  they 
have  few  more  dangerous  adversaries.  In  the  Bay  of  Arcaehoo, 
I4j000  whelk  tingles  were  picked  off  100  acres  of  oyster  ground  in  the 
course  of  a  month. 

Other  animals  iujure  the  oyster  indirectly  by  miniug  in  the  shell* 
The  boring  sponge,  diona^  does  this ;  and  a  very  curious  instance  of 
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mlachicf  done  in  thi^  way  by  a  buirowmg  annelid  (Leueodore)  vsm 
recently  brouglit  to  my  notiea  by  Sir  Henry  Tliomps(:»n.  The 
Leucodore  drives  bturowia  into  the  shell  and  iiyes  m  them  witbont  any 
cril  intent  towards  the  oyster.  Bui  the  borrows  fill  with  fine  mnd, 
and  thia,  ^preadiog  into  the  vacnitiee  of  the  shell,  gives  rise  to  inky 
patched,  which  look  unpleafiant  when  the  oyster  ib  opened  and  damage 
ita  commercial  Talue,  thongh,  as  I  can  testify,  the  flavour  of  the  oyster 
IB  nowise  impaired. 

The  larval  oysteifi  are  extremely  sensitive  to  cold^  and  any  sudden 
fall  in  the  temperature  of  the  air  during  the  swarming  time  m  fatal  to 
them.  Even  the  adult  oyster  is  readily  killed  by  sudden  frosts,  if  the 
water  is  sufficiently  shallow  to  allow  the  change  of  temperature  to 
penotnte.  Great  heat  Im  eq^uatly  pernicious.  At  Arcachon,  immense 
numbers  of  oysters  were  killed  by  the  hot  summer  of  1870. 

To  this  lung  list  of  influences  against  which  every  oyster  has  to 
struggle  successfully,  if  it  is  to  attain  maturity,  larger  knowledge  wiU 
doitbtledn  add  many  others.  But  those  are  enough  to  enable  m  to 
understaud  why  it  is  that  the  increaae  of  a  given  stock  of  oysters  may 
be,  aud  tifluajly  is,  very  slight,  notwithstanding  the  prodigious  fertility 
of  the  it] dividual  oyeter,  A  very  large  proportion  of  the  oysters  in  a 
bed,  under  ordinary  circitmstanees,  breed  during  the  fieason ;  and,  as 
each  adult  female  oyster,  ou  an  average,  gives  rise  to  a  million  eggSf 
<Hie  would  expect  a  prodigious  io crease,  even  if  nine- tenths  of  the 
young  were  destroyed.  But  from  the  small  proportion  of  half-grown 
to  full-grown  oysters  ( 4 O-.'jO  per  cent)  it  is  clear  that  the  nal  addition 
to  the  oyster  population,  in  most  years,  is  very  small.  It  is  probable, 
in  fact,  that  unless  the  conditions  are  unusually  favourable^  not  more 
than  two  or  three  out  of  every  million  of  the  fry  of  the  oyster  ever 
reach  maturity. 

It  is  obvious  that  the  conditions  of  eiistence  of  the  oyster  are  of 
an  extremely  cc^mplicated  character,  and  that  the  populatiou  of  an 
oyster  bud,  under  natural  conditions,  must  be  subject  to  great  fluctua- 
tions. A  few  good  spatting  years,  accompanied  by  a  falliug  off  in 
the  number  of  starfishes  and  dog  whelks,  may  increase  it  marvellouBly, 
while  the  contrary  conditions  may  as  strikingly  reduce  it. 

Man  interferes  with  this  state  of  things  in  two  ways.  On  the  oue 
hand  he  is  one  of  the  most  efficient  of  destroyers,  and  on  the  other,  he  is 
the  enly  conservator  of  the  moUusks,  albeit  his  coQBervation  is  with  a 
view  to  ultimate  destruction.  Let  us  consider  him  first  under  the 
ttpecl  of  destroyer.  In  some  plaoes,  oysters  are  taken  at  low  tide  by 
the  hand ;  but  usually  they  are  captured  by  means  of  the  dredge, 
which  ifl  esiw5Utially  a  bag,  the  sides  of  the  mouth  of  which  are 
fiuMoned  into  scrapers.  The  dredge  is  drawn  slowly  over  the  oyster 
bed  for  a  certain  time,  and  the  oysters,  with  mnltitudes  of  other 
abtm&la,  stones,  and  the  like,  are  scraped  into  the  bag.  This  is  theu 
baitied  ap,  and  the  contents  emptied  on  to  the  deck  ;  the  oysters  are 
pbkttd  out  and  the  refuse  retamed  to  the  sea. 
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There  oan  be  no  doubt  tbnt  the  great  mass  of  oysters  in  an  oyf^ter 
bed  may  be  removed  by  systematic  and  coutinnous  drodging.  Bat 
tbosfj  who  ar^j  befit  acquainted  practically  with  Uie  nature  of  that 
ojMjration  will  be  least  iueliued  to  believe  that  all  tbe  oyetera  on  a  bed 
comld  be  cleared  off  in  this  way,  even  if  the  attempt  were  made ;  and, 
as  it  mu»t  cease  to  bo  prufitable  to  dredge  long  before  the  point  of 
entire  clearance  is  reached,  it  is  plain  that,  in  practice,  tho  attempt 
will  not  be  made.  It  may  be  doubted  if  ordinary  dredging  ever  fails 
to  leave  some  tbouBands  of  oyBters,  great  and  small,  on  a  bed  of  any 
extent. 

ThuSj  if  wo  admit,  for  the  sake  of  argument,  that  an  oyster  bed 
may  be  exhausted  by  ordinary  dredging,  tlio  reason  why  the  oysters 
yanish  is  not  oVmous,  For,  supposing  only  a  thousand  oysters  left, 
tliey  ought  to  suffice  to  restore  the  bed  by  degrees*  I  am  aware  that 
it  is  said  that,  in  the  meanwhile,  the  enemies  and  competitors  of  the 
oyster  Ixaye  got  the  upper  hand,  that  the  ground  has  been  Bi>oiled  by 
accumulation  of  mud  and  so  on.  But  this  reasoning  leaves  out  of 
sight  tho  fact  that  the  oysters  have  not  boon  there  firom  all  eternity. 
There  was  a  time  when  there  were  no  oysters  on  the  ground,  and  when 
tho  oyster  larva)  immigrated,  they  fixed  themselves  there,  increased 
and  multiplied,  in  spite  of  all  obstacles.  Why  should  they  not  do  so 
again  ? 

Tho  question  is  further  complicated  by  the  consideration  that  it  ifl 
by  no  means  cor  tain  whether  the  population  of  a  given  oyster  hod  ib 
kept  up  by  the  progeny  of  its  own  oysters  or  by  immigrants.  As  I 
have  pointed  out,  it  is  ascertained  that  tho  larvm,  even  under  very 
unfavourable  cirGumstauces,  may  swim  about  for  a  week;  and  it 
has  been  estimated  that  they  are  ordinarily  locomotive  for  two  or 
throe  times  that  period.  Even  if  we  suppose  the  average  period  of 
freedom  to  be  not  more  than  three  days,  the  chance  that  an  oyster 
larva  will  eventually  settle  within  a  mile  of  the  spot  at  which  it  was 
hatched,  in  any  estuary  or  in  the  open  sea,  must  be  very  small.  For, 
in  an  estuary,  and  almost  always  in  tho  sea,  one  of  the  two  alternating 
currents  of  water  is  dominant,  and  a  floatiug  body  will  drift,  on  the 
whole,  in  that  direction,  often  many  miles  in  the  course  of  a  day. 

The  opportunity  of  observing  the  natural  formation  of  a  new 
oyster  bed  is  rare,  but  the  details  of  tho  process  have  been  carefully 
watched  in  at  lea^t  one  case.  Up  to  tlio  year  1825,  the  Limfjord  in 
northern  Jutland  consisted  of  a  scnes  of  brackish  water  lake^  com- 
tuunicating  with  one  another,  and  opening  on  the  cast  into  the 
Kattegat  In  the  lost  century,  uusuceessful  attempts  were  made  to. 
plant  them  with  oysters.  But,  on  tho  Brd  of  February,  1825,  a  great 
storm  broke  through  the  dam  which  separated  the  western  part  of  the 
Limfjoid  from  the  North  Sea;  in  consequence  of  this,  the  water  of 
the  fjord  became  gmdually  Salter,  the  brackish  water  plants  and 
animals  disappeared  and  North  Sea  animals  took  their  places  Among 
these,  in  1851,  oysters  were  observed,  and,  year  by  year,  they  extended, 
ovor  ft  larger  area.    In  1860,  only  150,000  were  taken ;  at  present^ 
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there  are  mnety-eiglit  beds,  and,  in  1871-1872,  7,000,000  of  full- 
grown  oysters  were  eiported  There  could  have  been  very  few 
ojBters  before  1851,  when  the  first  were  noticed.  But  supposing  the 
&et  entered  as  earlj  as  1840,  then,  in  thirty  years,  they  spread  them- 
sel^ee  over  an  area  of  about  siity-four  English  miles,  so  that  every 
joftr,  on  the  average,  they  advanced  more  than  two  miles.  The 
Ojtfter-beds  are,  at  present,  three-fifthg  of  a  mile  to  five  miles  apart^ 
60  that  the  laarv^  tnuat  have  been  able  to  wander  for  at  least  five 
miles.* 

During  thia  slow  procesB  of  immigration,  it  m  obvious  that  the 
euetniefi  and  the  competitors  of  the  oysters  had  just  as  good  a.  chance 
m  the  oyeters  themselveB ;  and  yet  the  latter  have  eBtablished  them- 
selves with  great  succeBs.  Why  should  they  be  unable  to  do  the  like 
elsewhere  ? 

I  must  eonfeaa  myself  unable  to  arrive  at  a  conclaeion  on  the 
question  whether  what  is  called  **  over-dredging  " — that  is,  dredgLUg 
to  the  extreme  Umit  at  which  it  is  commercially  profitable  to  dredge 
— ^ifi  alone  competent  permanently  to  destroy  an  oyster  bed  or  not. 
That  oyster  beds  have  disappeared  after  they  have  been  much  dredged, 
I  do  not  doubi  But  the  commonest  of  all  fallacies  is  the  confusion 
of  poffi  hoc  with  propter  hoc ;  and  I  have  yet  to  meet  with  a  case  in 
which  it  is  proved  by  satisfactory  evidence,  that  an  oyster  bed  baa 
been  permanently  annihilated  by  dredging,  when  the  spatting  seasons 
have  been  good,  and  when  there  has  been  no  reason  to  suspect  on 
infoad  of  destructive  moUusks  or  starfishes. 

Man  intervenes  in  favour  of  the  oyster  by  the  process  which  is 
known  m  oy^ter-enltiire."  This  consista  in  collGctiug  the  epat  aa 
soon  as  it  has  attached  itself,  and  removing  it  to  conveniently -situated 
natural  and  artificial  shallows,  known  as  "  oyster-parks,"  where  it  can 
be  protected  from  its  enemies  and  at  the  same  time  nourished. 

FractlBod  at  Whitstable  and  elsewhere  from  time  immemorial,  this 
process  has  more  recently  beeu  developed  through  laying  down  fascines 
ef  twigs,  or  tilea,  in  the  way  of  the  oyster  larvEe  during  the  spatting 
ietfion*  In  good  spatting  years,  the  quantity  of  young  oystera 
obtained  in  this  way  is  prodigious.  In  1866,  Mr.  Nichols,  the  fore- 
man of  the  Whitstable  Company,  told  the  Sea  Fisheries*  Commis< 
Btoners,  that,  in  the  year  1858,  the  spat  was  very  ahnndant,  and  that 
the  brood  gathered  in  that  and  the  three  following  years  formed  the 
stock  &om  which  the  market  had  ever  since  been  supplied.  But  he 
added,  that  they  did  not  expect  a  gooil  spatting  season  more  than 
once  in  every  six  years;  and  that,  within  his  reoullcetiou,  there  had 
been  no  spat  upon  the  fiats,  where  it  is  usually  collected  for  a  period 
of  thirteen  consecutive  years. 

It  will  be  observed  that  oyster  culture  is  not  oyster  breeding,  but 
aimplj  a  means  of  profiting  by  the  abundant  produce  of  thoao  years 
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iti  wtich  the  youug  aucoesefully  re^ch  tlieir  fixed  stage.  The  eupply 
IB  therefore  very  precarious.  Moreover,  it  is  by  no  meaiifl  easy  to  fifid 
localities,  suited  for  oyster-pftrks,  wbich  mufit  be  protected  from 
Btorms,  and  yet  have  free  accQse  to  tbe  sea ;  shallow,  and  yet  not 
liable  to  become  too  hot  in  smnmer  or  too  cold  in  wiater ;  open  to 
ourronts  which  bring  nutriment,  and  yet  not  liable  to  be  silted 
up  by  mud*  Even  when  all  theae  conditions  are  fulfilled,  mxioh 
labour  and  watchful  nesB  are  needed  to  keep  the  beds  clean  and  free 
from  the  incursionB  of  enemies.  Aud^  when  all  that  skill  and 
industry  can  do  iB  donOf  ostreiculture  is  attended  with  no  lem  risk 
and  uncertainty  than  agnculture  in  a  variable  climate.  Favoured  by 
one  or  two  fortunate  spatting  years,  M.  CoBto  made  OBtrciculture  the 
fashion  a  quarter  of  a  century  ago,  A  largo  capital  was  embarked,  in 
France  and  in  this  country,  in  establishing  oyster-parkd,  but  it  may 
be  questioned  whether  more  than  a  small  fraction  of  the  investment 
has  ever  found  its  way  bock  into  the  pockets  of  the  iDvostora  ;  and»  in 
miiny  cases,  the  results  have  been  disastrouB. 

The  incroaBing  scarcity  and  deamess  of  oysters  were  subjects  of 
complaint  twenty  years  ngo,  and  the  outcry  has  become  louder  of 
late  years.  Three  causes,  and  only  three,  so  far  as  I  know,  have  been 
assigned  for  this  uDsatis£ictory  state  of  things ;  &*st,  the  increase  in 
the  demand  for  oysters,  owing  in  largo  measure  to  modern  facilities  of 
transport,  conaec^nent  upon  the  vast  developmcDt  of  the  meana  oq| 
locomotion;  second,  an  unusual  succcBsiou  of  bad  gpatting  yeam 
third,  over-dredging,  that  is  to  aay^  the  removal  of  so  many  oyatai: 
from  the  oyster  beds  that  the  number  left  is  insufficient  to  keep  up 
the  Btock. 

That  the  first  and  the  second  of  these  causes  have  had  a  great  deal 
to  do  with  the  matter  is  beyond  doubt ;  but,  whether  any  harm  has 
resulted  from  simple  over-dredging  is  a  question  respecting  which 
very  diSereut  opinions  are  eutertauicd»  and  I  have  already  stat^ 
my  reasons  for  reserving  my  opinion  on  the  subject.  But  I  shall 
suppose,  for  argnment'e  sake,  that  all  three  iuflueuces  arc  in  operation, 
and  proceed  to  ask  what  can  be  done  by  legislation  to  mitigate  their 
evil  effects. 

A  sumptuary  law  restricting  the  consumption  of  oysters,  per  head, 
is  not  practicable  in  these  days  ;  and  therefore,  the  first  cause  of  dear- 
neas,  great  demand,  most  be  left  to  cure  itself  by  the  incrwae  of  prioe 
to  which  it  gives  rii50. 

Nor  IB  the  second  cause  of  scarcity  within  reach  of  legislation. 
The  seasons  cannot  be  rendered  favourable  to  oyster  spatting  by  Act 
of  Parliament. 

But  it  is  very  generally  believed  that  the  enforcement  of  what  is 
<^llcd  a  *•  close  time  "  is  an  effectual  remedy  for  over-dredging.  Oyster 
"  close  time  "  means  that  oysters  shall  not  be  taken  duriug  the  months 
of  May,  Juno,  July,  and  August,  which  are  supposed,  not  quite 
ftocurately,  to  cover  the  breeding  season  of  the  sheU-fish. 
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BqI  Btuielj  nothing  i&  more  obvious  than  this,  th&t  tlie  prohibLttott 
of  l&kiDg  the  oysters  from  an  oyator  bed  during  four  month b  of  the 
jear  is  not  the  slightest  ^urtty  againet  its  being  stripped  clean  (if 
8Pch  a  thing  bo  possible)  during  the  other  eight  months,  Soppose, 
that  in  a  country  infested  by  wolves,  j-ou  have  a  flock  of  aheep, 
keeping  tho  wolves  off  during  the  lambing  season  will  not  afford 
much  protection  if  you  withdraw  shepherd  and  dogs  during  the  rest  of 
th«  year. 

These  oonsiderations  ore  so  obviotia,  that  I  cannot  but  think  tbat 
the  cry  for  close  time  for  oyBtera  mnat  be  based  on  a  confused  notioo 
that,  as  close  time  is  good  for  salmon,  so  it  must  be  good  for  oygters. 
Bat  there  is  really  no  analogy  between  tbe  two  things  which  hero  pass 
under  the  name  of  "  clfise  time  '*  Close  time  for  oysters  is  merely 
protocttoa  of  oysters  during  tbe  breeding  season ;  close  time  for 
salmon  is  not  merely  protection  of  salmon  during  the  breeding  season, 
it  means  a  practical  limitation  of  the  capture  of  sal  moo  all  the  year 
round  by  the  weekly  close  time,  supplemented  by  the  itceuse  duties 
on  rods  and  nets.  You  might  protect  the  breeding  grounds  of  salmon 
afi  strictly  as  you  pleased  and  as  long  as  you  pleased ;  but,  if  too 
many  of  the  ascending  £ah  were  captured,  the  stock  would  fall  otf, 
and  if  all  were  captured,  it  would  come  to  an  end. 

If  tbe  protection  afforded  to  an  oyster  bed  is  to  be  made  eq^uiralent 
to  that  given  to  a  salmon  river,  measures  must  be  taken  by  which  the 
undue  diminution  of  tho  stock  of  oysters,  at  any  time,  may  be  pre* 
vcDted.  The  must  effectual  way  of  doing  this  is  to  form  an  estimate 
of  the  number  of  oysters  on  a  bed  before  the  oommenccment  of  the 
open  season ;  and  to  permit  the  removal  of  only  such  a  ])orcentage  && 
will  leave  a  suJficieut  eto*:k.  And  regulations  of  this  nature  have 
long  been  carried  out  in  the  Schleswig  oyster  fisheries  and  in  those  ot 
France.  A  subsidiary  regulation,  tending  towards  the  same  end,  is 
that  which  enforces  tho  throwing  back  into  the  sea  of  all  half-grown 
oysters.  As  oysters  produce  young  before  they  are  half-grown,  this 
procedure  must  contribute  to  the  breeding  stock. 

When,  nearly  twenty  years  ago,  my  tsoUeagoes,  Sir  James  Caird, 
Mr,  Shaw-Lefevre,  and  I,  had  to  deal  witb  the  oyster  question,  I  am 
Dni  aware  that  any  of  us  doubted  the  value  of  protection  of  public 
oyiter  beds  in  the  open  sea,  if  it  could  only  be  made  efficient. 

Wliat  we  are  quite  clear  about,  however,  was - 

(1)  That  the  close  time  regulation  which  then  existed  wm  always 
nselcas,  and  sometimes  mischievous* 

(2)  That  the  regulation  prohibiting  the  taking  of  half-grown 
oysters  interfered  with  tho  transfer  of  oysters  from  the  public  beds, 
wnere  they  were  exposed  to  all  sorts  of  dangers,  to  the  private  grounds 
whm  they  were  protected* 

(3)  That  it  was  practically  impossible  to  establish  an  efficient 
syvtem  of  protection  on  our  public  oyt^ter  beds. 

And  therefoFo  wo  came  to  the  oonclusiom  that  tho  best  course  that 
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could  be  adopted  was  to  abolish  all  the  delusive  and  vexations  regula- 
tions whioh  were  in  force ;  and  to  see  what  could  be  done  by  giving 
such  rights  of  property  in  parts  of  our  shores  favourable  to  oyster 
culture,  as  would  encourage  competent  persons  to  invest  their  money 
in  that  undertaking. 

iln  the  latter  part  of  the  discourse  Professor  Huxley  commented 
le  results  derived  from  Reports  on  the  Oyster  Fisheries,  especially  ' 
in  the  Bay  of  Gancale  and  the  Bay  of  Arcachon,  pointing  out  the 
uncertainty  which  has  attended  oyster  culture  and  the  inefficiency  of 
such  restrictive  legislation  as  has  hitherto  been  adopted.] 

I  for  my  part  believe  that  the  only  hope  for  the  oyster  consumer 
lies  first  in  oyster  culture,  and  secondly,  in  discoverin'g  a  means  of  * 
breeding  oysters  under  such  conditions  that  the  spat  shall  be  safely 
deposited.  And  I  have  no  doubt  that  when  those  who  undertake  the 
business  are  provided  with  a  proper  knowledge  of  the  conditions 
under  which  they  have  to  work,  both  these  objects  will  be  attained. 


[T.  H.  H.] 
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BiOHT  Hos.  Thb  Lob©  Claui>  Hamilton,  J. P.  Manager, 
in  tie  Chidr, 

Profeseor  G,  E.  TuBNXtt,  of  the  Unwersiiy  of  5*.  Petersburg. 

Kustamoe  Prmezf^^dgtvo ;  or,  the  Pectdiar  System  o/  Btmutic  Indmr^ 
in  the  Villages  of  Rusna. 

Im  the  eai-liest  stages  of  ci^lisatton  the  fiimily  fonne  the  social  unit, 
EB  iu  modeiti  times  tho  basts  of  our  social  orgunisatiou  ia  Ihe 
indiTidual.  The  eMer  typo  Las  been  much  longer  tuamtaiued  m 
Ru^ia  than  elsewhere,  and  most  strikinglj  presouts  itself  iu  what  the 
Rttsaians  term  Eusthrfwe  proiesvSdstw,  The  root  of  the  term  is  to  bo 
fotind  in  tho  word  Kust  a  btiah,  and  is  applifsd  to  tho  members  of  a 
Ibmilj  who,  when  nnitcKl  in  some  common  labonr,  form  aa  it  were  an 
OTgftiuC!  inBeparable  whole  and  may  bo  compared  with  a  busL  Among 
lb#  Boaaian  peasantry  there  ej[ist  two  kinds  of  families,  large  and  small. 
Tbe  ktter  are  composed  of  a  hnsband,  wife,  and  nnmarriod  children ; 
but  the  former  include  the  married  sons  and  dangJiters  who  still 
continue  to  lire  with  their  children  in  the  house  of  their  father*  It 
is  amongst  the  large  famiEes  that  KuBt^moe  industry  chiefly  obtaina. 
In  the  diTision  of  labour,  as  well  as  in  sharing  the  pp^fits,  a  principle 
of  eijtiality,  without  any  difference  being  made  as  to  age  or  mx,  is 
obscrreil.  The  greatest  care  ia  taken  to  oontine  to  each  household  the 
pBrticuUr  branch  of  trade  with  which  it  is  occupied.  Tho  relations 
adettng  between  the  memb43rt$  of  a  family  are  necessarily  closer  and 
of  a  less  irksome  character  than  can  osist  between  an  employer  and  an 
apprentice:  and  in  the  Moscow  Exhibition  of  1862,  wo  had  nmnerous 
examples  of  the  healthy  influence  exercised  by  this  system  on  the 
industry  of  the  country*  Though  very  hard  pressed  by  its  unequal 
ooncurrenoa  with  fiictctry  labour,  it  still  very  lai'gely  prevails  in  the 
more  important  governments  of  Russia.  The  number  of  workmen  em- 
ployed in  tho  factories  of  Russia,  excluding  ^oee  in  Poland  and 
Finl&od,  does  not  exceed  711,000,  whilst  many  of  the  branches  of 
Kutiamoe  industry  have  taken  their  rise  within  a  very  recent  period, 
and  tlioee  of  an  earlier  date  produce  twice  or  three  times  as  much  as 
lb#y  did  before  the  commencement  of  the  present  century.  It  must 
for  a  very  long  time  play  an  important  part  in  the  eeononiic^  life  of 
the  people,  and  for  this  reason  its  development  and  extensiuu  should 
be  encouraged.  For  this  purpose,  the  lots  of  peasant  lond^  which  Are 
^aieqnaie  to  supply  the  elementatj  wants  of  life,  should  be  enlargiKl ; 
elementary  technical  schools  should  be  opened  in  those  districts 
where  Ewttarme  industry  is  greatly  practised  ;  greater  encouragement 
ahould  be  given  to  tho  formation  of  co-operative  associations,  or 
arfelf,  lunoog  the  peasant  classes ;  and  credit- banks  might  also  with 
advantage  be  opened  by  the  government,  and  the  peasant  be  thus 
eoftbled  to  secure  email  loans  on  fair  and  equitable  conditions. 

(C.  E.  T,] 
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William  Spottiswoode,  Esq.  MA.  D.C.L.  Pres.  B.S. 
Vice-President  in  the  Chair. 

Pbofkssob  W.  H.  Floweb,  LL.D.  F.B.S.  P.Z.S.  &a 

On  Whales^  Fast  and  Present^  and  their  Probable  Origin. 

Few  natural  groups  present  so  many  remarkable,  very  obvious,  and 
easily  appreciated  illustrations  of  several  of  the  most  important 
general  laws  which  appear  to  have  determined  the  structure  of  animal 
bodies,  as  those  selected  for  my  lecture  this  evening.  We  shall  find 
the  efifects  of  the  two  opposing  forces — that  of  heredity  or  conforma- 
tion to  ancestral  characters,  and  that  of  adaptation  to  changed  en- 
vironment, whether  brought  about  by  the  method  of  natural  selection 
or  otherwise — distinctly  written  in  almost  every  part  of  their  structure. 
Scarcely  anywhere  in  the  animal  kingdom  do  we  see  so  many  cases  of 
the  persistence  of  rudimentary  and  apparently  useless  organs,  those 
marvellous  and  suggestive  phenomena  which  at  one  time  seemed 
hopeless  enigmas,  causing  despair  to  those  who  tried  to  unravel  their 
meaning,  looked  upon  as  mere  will-o'-tho-wisps,  but  now  eagerly 
welcomed  as  beacons  of  true  light,  casting  illuminating  beams  upon 
the  dark  and  otherwise  impenetrable  paths  through  which  the 
organism  has  travelled  on  its  way  to  reach  the  goal  of  its  present 
condition  of  existence. 

It  is  chiefly  to  those  rudimentary  organs  of  the  Cetacea  and  to 
what  we  may  learn  from  them  that  I  propose  to  call  your  attention. 
In  each  case  the  question  may  well  be  asked,  granted  that  they  are, 
as  they  appear  to  be,  useless,  or  nearly  so,  to  their  present  possessors, 
insignificant,  imperfect,  in  fact  rudimentary,  as  compared  with  the 
corresponding  or  homologous  parts  of  other  animals,  are  they  sur- 
vivals, remnants  of  a  past  condition,  become  useless  owing  to  change 
of  circumstances  and  environment,  and  undergoing  the  process  of 
gradual  degeneration,  preparatory  to  their  final  removal  from  an 
organism  to  which  they  are  only,  in  however  small  a  degree,  an  incum- 
brance, or  are  they  incipient  structures,  beginnings  of  what  may  in 
future  become  functional  and  important  parts  of  the  economy  ?  These 
questions  will  call  for  an  attempt  at  least  at  solution  in  each  case  as 
we  proceed. 

Before  entering  upon  details,  it  will  be  necessary  to  give  some 
general  idea  of  the  position,  limits,  and  principal  modifications  of  the 
flaronp  of  animals  from  which  the  special  illustrations  will  be  drawn, 
term   whale  "  is  commonly  but  vaguely  applied  to  all  the  larger 
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and  tniddle-si^ed  Oetaoeft^  atid  tliougti  aucli  smaller  Bpecies  as  tho 
dolpluns  and  porpoises  are  not  usohIIj  spoken  of  as  wliales,  they  maj 
for  all  intentfi  luid  purposos  of  zoological  science  be  included  in  the 
term,  and  will  come  within  tlie  range  of  the  present  subjects  Tftken 
all  together  tlie  C^tacm  constitute  a  perfectly  distinct  aud  natural 
order  of  mammals,  clmracteriaed  by  tbeir  purely  aquatie  mode  of  life 
and  external  0^1  ike  form.  The  body  is  fusiform,  pasfiing  anteriorly 
into  the  hea^l  without  any  distinct  constriction  or  neck,  and  po^terioiiy 
taperinif  off  gradually  towards  the  extremity  of  the  tail,  which  is  pro- 
vided with  a  pair  of  lateral  pointed  expansions  of  skin  supported  by 
dense  fibrous  tissue,  called  "  flukes,"  forming  together  a  horizontally- 
placed,  triangular  propelling  organ.  The  fore-limbs  are  reduced  to 
the  condition  of  flattened  ovoid  paddles,  incased  in  a  continuous  in^ 
tegument,  showing  no  external  sign  of  dirision  into  arm,  forearm,  and 
b&nd,  or  of  separate  digits,  and  without  any  trace  of  nails.  There  are 
no  vestiges  of  hind-limbs  visible  externally.  The  general  surface  of 
the  body  is  smooth  and  glistening,  and  devoid  of  hair.  In  nearly  all 
species  a  compretis^d  median  dorsal  fin  is  present.  The  nogtriln  open 
separately  or  by  a  siugle  crescentic  valvular  aperture,  not  at  the 
extremity  of  the  snout,  but  near  the  vertex^ 

Animals  of  the  order  Cttacea  abound  in  all  known  seas,  and  some 
species  are  inhabitants  of  the  larger  rivers  of  South  America  and 
Ada.  Their  organisation  neeessitatea  their  life  being  passed  entirely 
in  the  water,  as  on  the  land  thoy  aire  absolutely  helpless  \  but  tlioy 
hiTfi  to  rise  very  fre([uently  to  tbo  surface  for  the  purpose  of  respira- 
tion. They  are  oil  predaceons,  subsiBting  on  living  animal  food  of 
some  kind^  Oue  genus  alone  (Orcei)  eate  other  warm-blooded  animals, 
as  seaU  and  even  members  of  its  own  order^  both  large  and  BmalL 
Some  feed  on  fish,  others  on  small  floating  cruetacea,  pteropi:Kls^  and 
medusffi,  whUe  the  staple  food  of  many  is  constituted  of  the  various 
iipeeiee  of  Cephalopods^  chiefly  Loliyo  and  other  Teulkidwj  which 
mofit  abound  in  some  eeas  in  vast  numbers,  as  they  form  almost  the 
entira  support  of  some  of  the  largest  members  of  the  order.  With 
tome  exceptions  the  Ootacea  generally  are  timid,  iooflensive  animals, 
wMy9  in  their  movements,  s^xuable  aud  gregarious  in  their  habits. 

Among  the  existiDg  members  of  the  order  there  are  two  very  di»- 
tinct  types— the  Toothed  Whales,  or  Odmtoccii,  and  the  Baleen 
Wbales,  or  Mystacoceti,  which  present  throughout  their  organisation 
moet  markedly  distinct  structural  eharueterSj  and  have  in  the  existiug 
stftte  of  nature  no  transitional  forms.  The  extii^ct  Zeughtdon,  so  far 
as  its  characters  are  known,  docs  not  fall  into  either  of  these  groupe  as 
now  constituted,  bat  is  in  some  respects  intermediate,  and  in  others 
more  resembles  the  generalised  mammalian  tyjie. 

The  important  and  interesting  problem  of  the  origin  of  the 
CetAoao  md  their  relations  to  other  forms  of  life  is  at  present  involved 
in  the  greatest  obscurity.  They  present  no  more  GLgns  of  affinity 
'%h  any  of  the  lower  classes  of  vortebratcd  animals  than  do  many  of 
the  members  of  their  own  class.    Iudoo<1f  in  all  that  essentially  dis- 


tinguisbeB  a  mamm>l  from  one  of  the  onpufous  Tertebmtes^  wlieQier 
in  the  osseona,  nervons,  vascular,  or  roproduotiTO  sjetemB,  they  are  as 
truly  mammaliftEi  as  any,  even  the  Lighcatj  members  of  the  cUbb. 
Any  supposed  BLgns  of  inferiority  are,  as  we  ahall  fiee^  simply  modifi- 
catioD£  in  adaptation  to  their  peculiar  mode  of  life.  Similar  modiSca^ 
tions  are  met  with  in  another  quite  distinct  group  of  mammalia,  ihe 
Sirenia  (Dugonga  and  Manatees),  and  aleo,  though  in  a  lees  complete 
degree,  in  the  aq^uatie  Carnivora  or  Gcalfi.  But  these  do  not  indicate 
any  community  of  origin  between  these  groups  and  the  Cetaoea, 
In  fact,  in  the  prcfscnt  state  of  our  knowledge,  the  Cetaeea 
absolutely  ieolatod,  and  little  satisfactory  reason  has  ever  been  giTen 
for  deriving  them  fmm  any  one  of  the  oxieting  divisions  of  the 
class  rather  than  from  any  other.  ITie  question  has  indeed  often 
been  mooted  whether  they  have  been  derived  from  land  mammals  at 
all,  or  whether  they  raay  not  be  the  survivors  of  a  primitive  aquatic 
form  which  was  the  anccptor  not  only  of  the  whales,  but  of  all  the 
other  members  of  the  class.  The  materials  for — I  will  not  say 
solving— but  for  throwing  some  light  upon  this  problem,  muBt  be 
Bought  for  in  two  regions— in  the  structure  of  the  existing  members 
cf  the  order,  and  in  itis  past  history,  as  revealed  by  the  discovery 
fossil  remains.  In  the  prose  ut  state  of  science  it  is  chiefly  on  the 
former  that  wo  have  to  rely,  and  this  therefore  will  first  occupy  our 
attention. 

One  of  the  most  obvious  external  characteristics  by  which  the 
mftminalia  are  distinguished  from  other  classes  of  vertebrates  is  the 
more  or  less  complete  clothing  of  the  surface  by  the  peculiar  modifi- 
cation of  epidermic  tissue  called  hair.  The  Octacea  alone  appear  to 
be  exceptions  to  this  generalisation.  Their  smooth,  glistening  exte- 
rior is,  in  the  greater  n timber  of  species,  at  all  events  in  adult  life, 
absolutely  bare,  though  the  want  of  a  hairy  covering  is  compensated 
for  functionally  by  peculiar  modifications  of  the  structure  of  the  skin 
itseli^  the  epidermis  being  greatly  thickened,  and  a  remarkable  layer  of 
dense  fat  being  closely  incorporated  with  the  tissue  of  the  derm  or  true 
skin  :  modifications  mimirably  adapted  for  retaining  the  warmth  of  the 
body,  without  any  roughness  of  snriaco  which  might  occasion  frietiou 
and  so  interfere  with  perfect  facility  of  gliding  through  the  water. 
Close  examination,  however,  a  hows  that  the  mammalian  character  of 
hairiness  ia  not  entirely  wanting  in  the  Cetaeea,  although  it  is  reduced 
to  a  most  rudimentary  and  apparently  functionless  condition.  3c&t-i 
terod,  small,  and  genei-ally  delicate  hairs  have  been  detected  in  many' 
species,  both  of  the  toothed  and  of  the  whalebone  whaler,  but  never 
in  any  situation  but  on  the  face,  cither  in  a  row  along  the  upper  lip, 
around  the  blowholes  or  on  the  chin,  apparently  representing  the 
large,  stiff  **  vibrissi©  *'  or  *'  whiskers  *'  found  in  correB|.»onding  situa- 
tions in  many  laud  mammals.  In  some  caaes  these  seem  to  persist 
throughout  the  life  of  the  animal ;  more  often  they  are  only  found  in 
the  young  or  even  the  foetal  state.  In  nome  species  they  have  not 
been  detected  at  any  age. 
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Escbrictt  and  ReltiliELrdt  counted  iij  a  aew-'born  Greenlatid  Kiglit 
Wtale  {Balctna  m^sitcetits)  eistty-eis:  hairs  near  iha  extremity  of  the 
upper  jBWj  and  about  fifty  on  eaoli  aide  of  tho  lower  lip,  ag  well  as  a 
few  around  the  blowholes,  where  they  have  also  hoen  seen  in  Megnp' 
Urn  longimana  and  BaltBnf^ptera  rosirata.  In  a  large  Rorqual 
(Bal{jen^ptera  muBcuttuijy  quite  adult  and  aisty-seven  feet  in  length, 
Btranded  in  Peven&ey  Bay  in  1865,  there  were  twenty-five  white, 
etraight^  fitlff  haira  about  half  an  inch  in  lengthy  scattered  flomewhat 
irregularly  on  each  aide  of  the  vertical  ridge  in  whicb  the  chin  tei^ 
minated,  ei tending  over  a  space  of  nine  inches  in  height  and  two  and 
a  half  inches  in  breadth.  The  existence  of  these  rudimentary  hairs 
must  have  si>nic  significance  beyond  any  po&sible  utility  they  may  be 
to  the  animaL  Perhaps  some  better  explanation  may  ultimately  be 
found  for  tbem^  but  it  must  be  admittoii  that  they  are  extremely 
enggiestive  that  we  have  here  a  case  of  boredity  or  conformation  to  a 
type  of  ancestor  with  a  full  hairy  clothing,  just  on  the  point  of 
yielding  to  complete  adaptation  to  the  concUtions  in  which  whales  now 
dwelL 

In  the  organs  of  the  senseB  the  Cetacea  exhibit  some  remarkable 
adaptive  modifications  of  structures  essentially  formed  on  the  Mam- 
malian type,  and  not  on  that  characteristic  of  the  truly  aqnatio 
Yertebrates,  the  fishes,  whichj  if  function  were  the  only  factor  in  the 
production  of  structure,  they  might  be  STipposed  to  resemble. 

The  modifications  of  the  organs  of  sight  do  not  so  much  afiect  the 
eyebaU  as  the  accet^sory  apparatus.  To  an  animal  whose  surface  is 
always  bathed  with  fluid,  the  complex  arrangement  which  mammals 
generally  possess  for  keeping  the  surface  of  the  transparent  cornea 
moist  and  protected,  the  movable  lids,  the  niotitattug  membrane^  the 
lachrymal  gland,  and  the  arrangements  for  collecting  and  removing  the 
BUfierfliious  tears  whea  they  have  served  their  function  cannot  be 
n^ded,  and  hence  we  End  these  parts  in  a  moat  rudimentary  condition 
or  altogether  absent.  In  the  same  way  the  organ  of  hearing  in  its 
eesential  structure  is  entirely  mammalian^  having  not  only  the  sacculi 
and  s<:«micirculiir  canals  common  to  all  but  the  lowest  vortebratoa,  but 
the  oocklea,  and  tympanic  cavity  with  its  ossicles  and  membrane,  allj 
however,  buried  deep  in  the  solid  substance  of  the  head ;  while  the 
pftFtfi  specially  belonging  to  terrestrial  mammals,  those  which  collect 
the  vibrations  of  the  sound  travelling  tlirough  air,  the  pinna  and  the 
tube  which  conveys  it  to  tlie  sentient  structures  within  are  entirely  or 
practically  wanting.  Of  the  pinna  or  external  ear  ikem  is  no  trace. 
The  meatus  auditorius  is  certainly  there,  reduced  to  a  minute  aperture 
in  the  skin  like  a  hole  made  by  the  prick  of  a  pin,  and  loading  to  a 
tube  so  fine  and  long  tltat  it  cannot  be  a  passage  for  either  air  or 
^water,  and  therefore  can  have  no  appreciable  fu action  in  connection 
ith  the  organ  of  hearing,  and  must  be  olasstMl  with  the  other 
^ntuoerous  rudimentary  stractures  that  whales  exhibit 

The  organ  of  smell,  when  it  eiistfi,  offers  still  more  remarkable 
leQoe  of  the  origin  of  the  Cetacea,  In  fishes  this  organ  is  specially 
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Adapted  for  the  peroeption  of  odorous  subBtances  permeating  tho 
water;  the  termmati^JUB  of  the  oLfactorj  ncTves  are  spread  m&t 
the  iujiGr  plicated  Burfuno  of  a  cavity  near  tlia  front  part  of  tbi6 
nose,  to  which  the  fluid  iu  which  the  animals  swim  has  froo  access, 
aUhougb  it  ia  quite  unconuect*.^  with  the  respiratory  passagep. 
MammalB,  on  the  other  hand,  flmeU  flubetanceB  with  which  the 
atmosphere  they  breathe  ia  impregDated ;  their  olfactory  nerve  is  dis- 
tributed over  tho  more  or  less  complex  foldings  of  the  lining  of  a 
cavity  placed  more  deeply  in  the  Lead,  but  in  Lmmodiato  relation  to 
the  pasaagea  through  which  air  is  continually  driven  tu  and  fro  on  its 
way  to  the  lunga  in  respiration,  and  therefore  in  a  moBt  favourable 
position  for  receiving  impreBsions  from  £ub&tauce3  floating  in  that  air^ 
The  whalebone  whales  have  an  organ  of  smell  exactly  on  the  mam- 
malian type,  but  in  a  rudimentary  condition.  Tho  perception  of 
odorous  Bubstaucee  diflFused  in  the  air,  upon  which  many  land  mam- 
mals depend  m  much  for  obtaining  their  food,  or  for  protection  from 
danger,  can  be  of  little  imporinnce  to  them.  In  tho  more  completely 
modified  Odontocctes  the  olfactory  apparatus,  ag  well  as  that  jiart  of 
the  brain  specially  related,  to  the  function  of  smell,  is  entirely  wan  ting, 
but  in  both  groups  there  is  not  the  slightest  trace  of  the  specially 
aquatic  olfiijctury  organ  of  figlicfi.  Its  complete  absence  and  tho 
vestiges  of  the  aerial  organ  of  land  mammal b  found  in  the  Myataoo^ 
cete»  are  the  clearest  possible  indication!!}  of  the  origin  of  the  Cetaee* 
from  air-breathing  and  air-smelling  terrestrial  miimmalia.  With  their 
adaptation  to  an  aquatic  mode  of  eiiBtcmc©,  organs  fitted  only  for 
amelling  in  air  became  UBelees,  and  bo  have  dwindled  or  eompletel;^ 
diisapponred.  Time  and  circumstances  have  not  permitted  the  acqai^i- 
tion  of  anything  analogous  to  the  spocially  aquatic  smelling  apparatue 
of  fiehea,  the  rcBnlt  being  that  whales  are  practically  deprived  of 
whatever  advantage  this  sonse  may  bo  to  other  animals. 

It  is  characteristic  of  the  greater  nnml>er  of  mammalia  to  have 
their  jawa  furnished  with  teeth  having  a  definite  structure  and  mode 
of  development.  In  all  the  most  typical  forma  these  teetli  are 
limited  in  number,  not  exceeding  eleven  on  each  aide  of  each  jaw,  or 
forty-four  in  all,  and  arc  difterontiatud  in  shajjo  in  different  parts  of 
the  sorica,  being  more  simple  in  frunt^  broader  and  more  complex 
behind.  Such  a  dentition  is  described  as  "  heterudont/'  In  muBt 
coses  also  there  are  two  distinct  sots  of  toeth  during  the  lifetime  of 
the  animal,  constituting  a  condition  technically  called  diphyodont." 

All  the  Cetacca  present  some  traces  of  teeth,  which  in  structure 
and  mod©  of  develrtpment  resemble  those  of  mamraab,  and  not  those 
of  the  lower  vortobrated  claeaea,  but  they  are  alwaya  found  in  a  more 
or  less  imperfect  state.  In  the  first  place,  at  all  events  in  existing 
epeciea,  they  are  never  tmly  heterodont,  all  the  teeth  of  the  aeriefl 
resembling  each  other  more  or  lees  or  belonging  to  the  condition 
called  "  homodont,"  and  not  obeying  the  usual  numerical  rule,  often 
falling  short  of,  but  in  many  cases  greatly  exceeding  it.  The  most 
typical  OdontoceteSf  or  toothed  whales,  have  a  large  number  of  similar. 
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simple,  corneal,  recurred,  pointed  teetli^  alike  on  botli  sides  and  in 
the  upper  and  under  jaws,  admirably  adapted  for  catobing  slipperj, 
liTing  prey,  such  as  fieh,  which  are  ewallawed  whole  without  m&sticit- 
tion*  In  one  genus  {Pmtoporia)  there  may  be  as  many  as  eiity  of 
euch  teeth  on  eocli  side  of  each  jaw,  making  240  in  all.  The  moro 
nBml  number  is  from  twenty  to  thirty.  These  teetli  aro  never 
changed,  being  monophycxlont/'  and  they  are,  moreover,  less  firndy 
implanted  in  the  jaws  than  in  land  mammals,  Laving  never  more  than 
one  root,  which  is  set  io  an  alve^ilar  eoeket  which  is  generally  wide 
and  leoflely  fitting,  though  perfectly  sufficient  for  tlie  simplo  purpose 
which  the  teeth  have  to  serve. 

MoBt  singtdar  modifications  of  this  condition  of  dentition  are  met 
with  in  different  genera  of  toothed  whaloB,  chieSy  the  re&Tilt  of  &up- 
preesion,  sometimes  of  suppression  of  the  greater  number,  combin&l 
with  excessive  development  of  a,  aiDgle  pair.  In  one  large  group,  the 
Ziphioids,  although  minute  rudimentary  teeth  are  occasionally  found 
in  young  individuals,  and  somctlmefi  throughout  life,  in  both  jaws,  in 
the  adiilte  the  upper  teeth  are  neualiy  entirely  absent,  and  those  of 
the  lower  jaw  reduced  to  two,  which  may  be  very  large  and  projecting 
like  tnaks  irora  the  mouth,  as  in  Me^oplodatif  or  minute  and  entirely 
conoealed  beneath  the  gums,  as  in  Hifperoodon, — an  animal  which  is 
for  all  practical  purposes  tootldesa,  yet  in  which  a  pair  of  perfectly 
formed  though  buried  teeth  remain  throughout  life,  wonderful  examples 
of  the  persistence  of  rudimentary  and  to  all  appearance  absolutely 
useless  organs.  Among  the  Delphtntdm  f^iniilar  cases  are  met  with. 
In  the  genus  Grampus  the  teeth  aro  entirely  absent  io  the  upper,  and 
few  and  early  deciduous  in  the  lower  jaw.  But  the  Narwhal  eieeeds 
all  other  Cetaceans,  perhaps  all  other  vertebrated  animals,  in  the 
specialisation  of  its  dentition.  Besides  some  irregular  rudimentary 
leeth  found  in  the  young  state,  the  entire  dentition  is  reduced  to  a 
single  imLr,  which  lie  horizontally  in  the  upper  jaw,  and  both  of  which 
in  tha  female  remain  permanently  concealed  within  the  bone,  so  that 
tliis  sex  is  practically  toothless,  while  in  the  male  tha  right  tooth 
tifltudly  remains  similarly  eoneealed  and  abortive,  and  the  left  is  im- 
menstsly  developed,  attaining  a  length  equal  to  more  than  half  that  of 
the  entire  animsl,  projecting  horizontally  from  the  head  in  the  form 
of  a  cylindrical  or  slightly  tajjoring  pointed  tusk,  with  the  surface 
mirkt'il  by  spiral  gr^toves  or  ridges« 

The  meemijig  and  utility  of  some  of  these  strange  modifications  it 
ii  imposfitblei,  in  the  imperfect  state  of  our  knowledge  of  the  habits 
of  the  Cctaeea,  to  explain,  hut  the  fact  that  in  almost  every  case  a 
more  full  number  of  rudimentary  teeth  is  present  in  early  stages  of 
mtilttlir^.  which  either  disappear,  or  remain  as  concealed  and  function- 
ten  €1^11%  |)omts  to  the  present  condition  in  the  aberrant  and 
specialised  forms  as  being  one  derived  from  the  more  generalised 
type,  in  which  the  teeth  were  numerous  and  equal. 

The  Mystacoeetee,  or  Whalebone  Whales,  are  distinguished  by 
entire  abseooe  of  teetk,  at  all  events  after  birth.    But  it  is  a  remark- 
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able  fact,  first  demoDetratt^  by  G«offiroj  St  Hilaire^  and  Binoe  amply 
cotifirnicti  by  Cuvier,  Eechriclit,  Julm,  and  others,  that  in  the  fa'tal 
state  they  have  nnmeroiis  mintite  calcified  teeth  lying  in  the  dental 
groove  of  both  upper  and  lower  jawe.  These  attain  their  fullest 
development  about  the  mifldle  of  foetal  life,  after  which  period  they 
are  absorbed,  no  trace  of  tbem  renaming  at  the  time  of  birtb.  Their 
fitructuro  and  mociQ  of  devtilopmeat  has  been  Rbown  to  be  exactly  that 
characteriatic  of  ortlinary  m animal mn  teeth,,  and  it  hae  also  been 
ob^rred  that  those  at  the  poaterior  part  uf  the  ^ries  are  larger,  and 
have  a  bilobed  form  of  crown,  while  those  in  front  are  simple  and 
oonioal,  a  fact  of  conoid erablo  interest  in  connection  wiih.  apecnlatione 
MS  to  the  history  of  the  group. 

It  is  not  until  after  the  diKappearance  of  these  teeth  that  the 
baleen,  or  whalebone,  makes  its  appearance.  This  remarkable  struc- 
ture, though,  as  will  bo  presently  shown,  only  a  modification  of  a  part 
existing  in  all  mammals,  is,  in  its  specially  developed  condition  as 
baleen,  peculiar  to  one  group  of  whales.  It  is  therefore  perfectly  in 
accord  with  what  might  have  been  espoctod,  that  it  is  comparatively 
late  in  making  its  appearanco.  Characters  that  are  common  to  a 
large  number  of  specie b  appear  early,  those  that  are  special  to  a  few, 
at  a  lato  period ;  alike  both  in  the  history  of  the  race  and  of  the 
individanl. 

Baleen  conBists  of  a  series  of  Battened,  bomy  plates,  several 
humored  in  number,  on  each  side  of  tbo  palate,  separated  by  a  bauie 
interval  along  the  middle  line.  They  are  placed  troneversely  to  the 
long  axis  of  the  palato,  with  very  short  Rpaccs  between  them.  Each 
plate  or  blade  is  somewhat  triangular  in  form,  with  the  base  attaebed 
to  the  palate,  and  the  apex  hanging  downwards.  The  outer  edge  of 
the  blade  is  hard  and  sraooth,  but  the  inner  edge  and  apex  fray  out 
into  long,  bristly  fibres,  so  that  the  roof  of  the  wLale~s  munih  looks 
as  if  covered  with  hair,  as  described  by  Aristotle.  The  blades  are 
longest  near  the  middle  of  the  series,  and  gradually  diminish  towards 
the  front  and  back  of  the  mouth.  The  horny  plates  grow  from  a  dense 
fibrous  and  highly  vascular  taatrii,  which  covers  the  palatal  surface 
of  the  maxilla},  and  which  sends  ont  lamellar  prooessei,  one  of  which 
penetrates  the  base  of  each  blade.  Moreover,  the  free  edge  of  eaob  of 
these  processes  is  covered  with  very  long  vascular  thread-like  papiUaa, 
one  of  which  forms  the  central  axis  of  each  of  the  hair- like  epidermic 
fibres  of  which  the  blade  is  mainly  comiM>sod.  A  transverse  section 
of  fresh  whalebone  shows  that  it  is  made  up  of  numbers  of  these  soft 
vascular  papUUe,  circular  in  outline,  each  surrounded  by  concen- 
trically arranged  epidermic  cells,  the  whole  bound  together  by  other 
epidermic  cells,  which  constitute  the  smooth  cortical  (so-called 
"  enamel  **)  surface  of  the  blade,  and  which,  disintegrating  at  the  free 
edge,  allows  the  individual  fibres  to  become  loose  and  to  assume  the 
hair-like  appearance  spoken  of  before.  These  fibres  differ  from  hairs 
in  not  being  formed  in  depressed  follicles  in  the  enderon,  but  rather 
fefiemble  those  of  which  the  horn  of  the  rhinQceros  is  oomposed.  The 
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bMefi  w  supported  and  bound  togetber  for  a  oortain  diet&iico  from 
tbait-  bnse^  by  a  maBB  of  losa  hardened  epitbeliiitn^  eoGfcted  by  the 
surfacse  of  the  palatal  membrane  or  matrix  of  tbe  whalebunQ  in  tbe 
intervalB  of  the  lamellar  procesBoa.  This  is  the  "  intermediate  sub- 
stance "  of  Hniitor,  the    gam  "  of  the  whalers. 

The  fimction  of  the  whalebone  ie  to  strain  the  water  from  the 
small  manne  moUusks,  cmataceane,  or  fiali  upon  which  the  whales 
sabsiBt  In  feeding  they  fill  the  immense  mouth  with  water  contain- 
ing ehofils  of  these  small  creatures,  and  then,  on  their  cloBing  the 
jawi  and  raising  the  tongue,  so  as  to  diminish  the  cavity  of  the  mouth, 
the  water  Btreame  out  through  the  narrow  intervals  between  the  hairy 
fringe  of  the  whalebone  blades,  and  egimpeB  through  tho  lips,  leaving 
the  living  prey  to  bo  swallowed.  Almost  all  tho  other  structuroB  to 
which  I  am  epecially  directing  your  attention  are,  as  I  have  men- 
tioned, in  a  more  or  Ubb  rudimentary  Btato  in  tLe  Cetacea;  the 
balocn,  on  the  other  hand,  is  an  example  of  an  exactly  contrary  con- 
dition, but  an  equally  iDstructivo  one,  aa  illtuetrating  the  mode  in 
which  natnrc  works  in  producing  the  infinite  variety  we  boo  in  animal 
structures.  Although  appearing  at  first  sight  an  entirely  distinct  and 
Bfpecial  formation,  it  evidently  cflusists  of  nothing  more  than  tho  highly 
modified  papillaj  of  the  lining  wicmbrano  of  the  mouth,  with  an  exces- 
eive  and  comified  epithelial  development. 

The  bony  palate  of  all  mammftls  is  covered  with  a  closely  adhering 
layer  of  fihrovaBcular  tissue,  the  surface  of  which  is  protected  by  a 
coating  of  non-vascular  epithelium,  the  former  exactly  corresponding 
to  the  derm  or  true  ekin,  and  the  latter  to  tho  epiderm  of  the  external 
surface  of  the  body.  Sometimes  this  membrane  is  perfectly  smooth, 
but  it  is  more  often  raised  into  ridges,  which  mn  in  a  direction  trans- 
Tsree  to  the  axis  of  the  head,  and  are  curved  with  the  concavity  b&ck- 
wmrda ;  the  ridges  moreover  do  not  extend  across  the  middle  line,  being 
int«iTUpted  by  a  median  depression  or  rapM,  Indications  of  these 
ridges  are  clearly  seen  in  the  human  palate,  but  they  attain  their 
greatest  development  in  the  Ungulata.  In  oxen,  and  eepecially  in  the 
giraOe,  they  form  diBtinct  laminie,  and  their  free  edges  develop  a  row 
of  pointed  papillfD,  giving  them  a  pectinated  appearance.  Their  epithe- 
lium is  thick,  hard,  and  white,  though  not  homy.  Although  tho 
interval  between  the  structure  of  the  ridges  in  the  girafiib's  palate  and 
the  most  rudimentary  form  of  baleen  at  present  known  is  great,  there 
is  no  difBculty  in  s^ing  that  the  latter  is  essentially  a  modiBcation  of 
tho  former,  just  as  the  hiiof  of  the  horse,  with  its  basis  of  highly 
developed  vascular  laminie  and  papilla,  and  the  resultant  complex 
arrangement  of  the  epidermic  cells,  is  a  modification  of  the  simple 
nail  or  claw  of  other  mammale,  or  as  the  horn  of  the  rhinoceros  is 
tmly  ft  modification  of  the  ordinary  derm  and  epidorm  covering  the 
■xusoslI's  body  differentiated  by  a  IckmiI  exuberance  of  growth. 

Though  the  early  stages  by  which  whalebone  has  bean  modified 
from  more  simple  palate  stractures  are  entirely  lost  to  our  sight, 
prohnblj  for  ever,  the  conditions  in  which  it  now  exists  in  different 

Vol.  X.    (No.  76.)  2  b 


368  Frofmiof  FUmer  [Mfty  25, 

BpeciGB  of  whales,  show  Teiy  markoii  varietieB  of  progresSj  from  a 
Bimple  comparatively  radimental  and  kup^rfoct  condition,  to  wbat  is 
perliapB  the  moBt  wondorfid  exarapl©  of  mochanical  adaptation  to 
jMwpose  koom  in  any  organic  struct m^.  These  variafciona  are  worth 
dsvoUing  apon  for  a  few  miuntes^  as  they  iliuetirato  in  an  exooUoat 
jnatiner  the  gradual  modidcations  that  may  take  place  in  an  organ, 
ev'idently  in  adaptation  to  particular  requirements,  the  caueatioa  of 
which  can  bo  perfectly  explained  upon  Barwin'e  principle  of  natural 
selection. 

In  the  Kor<iuals  or  fin-whales  (gontis  Balsenoptera)^  found  in 
almost  all  seas,  and  m  well  teiown  off  our  own  ct^asti,  Ojo  largest 
blades  in  an  animal  70  feet  long  do  not  exceed  2  feet  in  length, 
including  their  hairy  termiuations ;  they  are  in  most  species  of  a 
pale  horn  colour,  and  their  structure  is  coarse  and  inelastic,  sepa- 
rating into  thick,  stiff  fibres,  so  that  they  are  of  no  value  for  the 
ordinary  purposes  to  which  whalebono  is  applied  to  the  arts.  These 
animals  feed  on  fish  of  considerable  sisse,  from  herrings  np  to  cod, 
and  for  foraging  among  shoalfl  of  these  creatures  the  construction  of 
their  mouth  and  the  Btructure  of  their  baleen  is  evidentLy  Eufficient. 
This  is  the  type  of  th©  earliest  known  extinct  forms  of  whales,  and  it 
has  continued  to  exist,  with  sovoral  slight  modifications^  to  this  day, 
becauBO  it  has  fulfilled  one  purpose  in  the  economy  of  nature.  Other 
pnrpoBeB  for  which  it  was  not  sufficient  have  been  supplied  by  gradual 
clianges  taking  place,  some  of  the  stages  of  which  are  seen  in  the 
iiLtermediate  conditions  Btill  exhibited  in  the  Megaptera,  and  in  the 
Atlantic  and  Southern  Right  Whales.  Before  dcBcribing  the  extreme 
luodifi cations  in  the  direction  of  complexity,  I  may  mention,  to  ghow 
the  range  at  present  presentetl  in  the  development  of  baleen,  that 
there  has  lately  been  discovered  in  the  North  Pacific  a  Bpeciea  called 
by  the  whalers  the  Oaliforuiau  Grey  Whale  {^RachmnEcl&s  glauem)^ 
which  shows  the  opposite  extremo  of  simplicity.  The  auim&l  is  from 
30  to  40  feat  in  length ;  the  baleen  blades  arc  only  182  on  each  side 

i according  to  Scammon)  and  far  apart,  very  short  (the  longest  being 
rf>m  14  to  16  inches  in  length),  light  brown  or  nearly  white  in 
colour,  and  still  more  coarse  in  grain  and  inelastic  than  that  of  the 
Eorqnals.  The  food  of  these  whales  is  not  yet  known  with  certainty. 
They  have  been  seen  apparently  eeeking  for  it  along  soft  bottoms  of 
the  sea,  and  fuci  and  muBsols  have  been  found  in  their  stomach s< 

In  tho  Greenland  Right  Whale  of  the  circumpolar  seas,  the  Bow* 
head  of  the  American  whalers  {BaX<j£^m  myeticetusjj  all  the  peculiaritiea 
which  distinguish  tho  head  and  mouth  of  the  whales  from  oth^ 
mammals  have  attained  their  greatest  development.  The  head  is  of 
enormous  size,  eiceedieg  oue'third  of  the  whole  length  of  the  creature. 
The  cavity  of  the  month  is  actually  larger  than  that  of  the  body^ 
thorax,  and  abdomeu  together*  The  upper  jaw  is  very  narrow,  but 
greatly  arched  from  before  backwanls,  to  increase  the  height  of  the 
oav'ity  and  allow  for  the  groat  length  of  the  baleen,  the  enormoUA 
rami  of  the  mandibles  are  widely  sej)arated  posteriorly,  and  have  m 
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etOl  farther  outward  sweep  before  ttej  meet  &%  the  symphyeie  in 
front,  giving  the  floor  of  the  inotith  the  shape  of  an  immense  epoon* 
The  bftleen  hl&dee  attain  the  number  of  350  or  more  on  each  side, 
and  those  in  the  middle  of  the  series  haTO  a  length  of  ten  or  even 
twelve  fwet.  They  axe  black  in  colonr,  fine  and  highly  elftstic  in 
texture,  and  fray  out  at  the  inner  edge  and  ends  into  long,  delicate, 
©oft,  almost  silky,  but  very  tough  hairs* 

How  these  immeD»ely  long  blades  depending  vertically  from  the 
palate  were  packed  into  a  mouth  the  height  of  which  waa  scajt^ely 
more  than  half  their  length,  was  a  mystery  not  solved  until  a  few 
years  ago.  Captain  David  Gray,  of  Peterhead,  at  my  request,  first  gave 
ns  a  clear  idea  of  tho  arrangement  of  the  baleon  in  the  Greenland 
whale,  and  showed  that  the  purpose  of  ita  wonderfnl  elasticity  waa 
not  primarily  at  least  the  benofit  of  the  corset  and  umbrella  makers, 
but  that  it  was  essential  for  the  oorreet  performance  of  its  functions. 
It  may  here  be  mentioned  that  the  modiScation  of  the  month  structure 
of  the  Right  Whale  is  entirely  in  relation  to  the  nature  of  its  food.  It  is 
by  this  apparatus  that  it  is  enabled  to  avail  itself  of  the  minute  but 
kighly  nutritious  crustaceans  and  pteropods  which  swarm  in  inunense 
iihoflla  in  the  seas  it  frequents.  The  large  mouth  enables  it  to  take 
in  At  one  time  a  sufQeieut  quantity  of  water  filled  with  these  small 
organisms^  and  the  length  and  delicate  structure  of  the  baleen  provides 
an  efficient  strainer  or  hair  sieve  by  which  the  water  can  bo  drained 
off.  If  the  baleen  were,  as  in  the  Rorquals,  short  and  rigid,  and  only 
Cff  the  length  of  the  aperture  between  the  upper  and  lower  Jaws  when 
the  mouth  was  shut,  when  the  jaws  were  separated  a  space  would  be 
left  beneath  it  through  which  the  water  and  the  minute  particles  of 
food  would  escape  together.  But  instead  of  this,  the  long,  slender , 
bmsh-Iiko  ends  of  the  whalebone  blades,  when  the  mouth  i&  oloeed^ 
fold  back,  the  front  ones  passing  below  the  hinder  ones  in  a  channel 
lying  between  the  tongue  and  the  bone  of  the  lower  jaw.  When  the 
mouth  is  opened  their  olMticity  causes  them  to  straighten  oui  like  a 
bow  that  is  ntihcnt,  set  that  at  whatever  dii^tance  the  jaws  are  separated, 
the  strainer  remains  in  perfect  action,  filling  the  whole  of  the  interval. 
The  mechanical  perfection  of  the  arrangement  is  completed  by  the 
gnat  deTolopmcnt  of  the  lower  lip,  which  rises  stiffly  above  the  jaw* 
bondp  and  prevents  the  long,  slender,  flexible  eude  of  the  baleen  bt^ing 
oariied  outwards  by  the  msh  of  water  from  the  mouth,  when  ita 
<mvity  is  being  diminished  by  tho  eloanre  of  tho  jaws  and  raising  of 
the  loDgne.  The  interest  and  admiration  eioite<!  by  the  contempla- 
tion of  such  a  beautifully  adjusted  piece  of  mechanism  is  certainly 
heightened  by  the  knowledge  that  it  has  been  brought  about  by  the 
gradual  adaptation  and  pcTfoction  of  structures  common  to  the  whole 
daas  of  animals  to  which  the  whale  belongSi 

Few  points  of  tlte  stnictare  of  whales  offer  so  great  a  departure 
the  ordinary  mammalian  type  as  the  limbs.  The  fore- limbs  are 
reduced  to  the  condition  of  simple  podJlea  or  oars,  varionsly  ahaped^ 
but  always  flattened  and  more  or  less  o?al  in  outUne.    They  are 
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freely  movable  at  the  shoultler-jiunt,  where  the  htimerns  or  upper- 
ann  bone  articalatee  witli  tbe  islioiilder-biade  in  tho  usual  manner, 
but  beyuud  this  pointy  excopt  a  aiiglit  Ai^xibility  and  elasticity,  tbere  is 
no  motion  between  the  different  segrueuts.  The  bnn^s  are  all  there, 
correspooding  in  number  tind  general  relatious  with  those  of  the 
humau  or  any  other  mammaliao  arm,  but  they  are  flattened  out,  and 
their  contiguous  eBile,  instead  of  presenting  Linge-like  joints,  corao  in 
contact  by  flat  aurfacea,  united  together  by  Btrong  li^amentoua  bands, 
and  all  wrapped  up  iu  an  undivided  coTering  of  ekiDi  whioli  allows 
externally  of  no  sign  of  the  separate  and  many-jointed  £ngera  seen  in 
the  ekeloton. 

Up  to  the  year  18G5  it  was  generally  tliooght  that  there  was 
nothing  to  be  found  between  this  beny  framework  and  the  covering 
fikin,  with  ita  inner  layer  of  blubber,  except  dense  fibrous  tissae, 
with  blood-vessels  and  nerves  sufScient  to  maintain  its  vitality. 
Dissecting  a  largo  Rorqual,  67  feet  in  length,  upon  the  beach  of 
Peveniey  Bay  in  that  yeivr,  I  was  surprised  to  find  lying  upon  the 
bones  of  the  fore-arm  well-develope<l  muficles,  the  rod  tihrea  of  which 
reached  nearly  to  the  lower  end  of  these  bones,  ending  in  strong 
tendons,  parsing  to,  and  radiating  out  on,  the  palmar  surfuee  of  the 
band.  Circumstances  then  prevented  me  following  out  the  details 
of  their  arrangement  and  distribution,  but  not  long  after^^'ards  Pro- 
fessor Struthers,  of  Aberdeen,  had  an  opportunity  of  carefully  dis* 
eacting  the  foiie-limb  of  another  whale  of  the  same  epecies,  and  he 
hafl  recorded  and  figured  his  observations  in  the  *  Joiirnal  uf  Anatomy* 
for  November  1871,  He  found  on  the  internal  or  palmar  aspect  of 
the  limb  three  distinct  mueeles  corresponding  in  attBchtaenta  to  the 
flexor  earpi  nlnaris,  the  flexor  profundus  difxitorum,  and  the  flexor 
longus  pollicis  of  man,  and  on  the  oppoBite  side  but  one^  the  extensor 
communis  digitorum.*  Large  as  those  muscles  actually  are,  yet, 
cumpared  with  the  size  of  the  animal,  they  cannot  but  be  regarded  as 
rudimentary,  and  being  attaehed  to  bones  without  regular  joints  and 
firmly  held  together  hy  unyielding  tiseueSj  their  functions  must  be 
reduced  almost  to  nothing.  But  rudimentary  as  the  muscles  of  the 
Fin-whales  are,  lower  stages  of  degradation  of  the  eame  structnree  are 
found  in  other  members  of  the  gro^ip.  In  some  they  aro  indeed 
present  in  fortn,  but  theb  mnscnlar  structure  is  gone,  and  thoy  are 
reduced  in  most  of  the  toothed  whales  to  mere  fibrous  bands,  tjcarcely 
distingaishable  from  the  sarrtJUtiding  tissue  which  connects  tbe  inner 
surfaee  of  the  skin  with  the  bone.  It  is  impossible  to  can  tern  plate 
these  structures  without  having  the  conviction  forced  homo  that  here 
are  the  remains  of  parts  once  of  use  to  their  posse ss<)r,  now,  owing  to 
the  complete  change  of  purpose  and  mode  of  action  of  the  limb,  reduced 
to  a  couditiun  of  atrophy  verging  on  complete  ciisappoaranee. 

The  changes  that  have  taken  place  in  the  hind-limbs  are  even 
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more  remarliable.  In  all  known  Cetacea  (nnleBs  Phtankta  bo  really 
an  exception)  a  pftir  of  slender  bones  are  fonnrl  Biispended  a  Bhort 
distivnce  bolriw  the  vettebral  colttmn,  but  nofc  attached  to  it,  about  the 
part  where  the  body  ami  the  tail  join.  In  nmseunj  ekeletona  theso 
bones  are  often  not  geeu^  as,  nnless  special  cara  has  been  taken  in  the 
preparation,  they  are  apt  to  get  loet.  They  are,  however,  of  much 
importance  and  intercBt,  as  their  relations  to  surrounding  parts  show 
tb&t  they  are  the  rudimentary  representatives  of  the  pelvic  or  hip 
bones,  which  in  other  mammalg  play  such  an  important  part  in  con- 
necting the  hind-HrobB  with  the  rest  of  the  skeleton.  The  pelvic  arch 
is  thus  almoet  universally  presetitj  but  of  the  limb  proper  there  is,  as 
far  as  is  yet  known,  not  a  vestige  in  any  of  the  large  group  of  toothed 
wbalaa,  not  even  in  tbe  great  Cachalot  or  Sperm  Wiiale,  although  it 
ghoald  be  mentioned  that  it  has  never  been  looked  for  in  that  animal 
with  any  sort  of  care.  With  the  Whaleb<:)ne  Whales,  however,  at 
least  to  some  of  the  species,  the  case  is  different.  In  these  animals 
there  are  found,  attached  to  the  outer  and  lower  side  of  the  pelvic 
bone,  other  elements,  bony  or  only  cartilaginous  as  the  case  may  be, 
clearly  Tepreseuting  rudiments  of  the  tir^t  and  in  some  cases  tb© 
fleooud  segment  of  the  limb,  the  thigh  or  femur,  nnd  the  leg  or  tibia. 
In  the  small  Balcempiera  rosfraia  a  few  thin  fragments  of  cartilage, 
imbedded  in  fibrous  tissue  attached  to  the  side  of  the  pelvic  bone,  con- 
stitute the  most  rudimentary  possible  condition  of  n  hind-limb,  and 
could  not  be  recognised  as  such  but  for  their  analogy  with  other  alliod 
ca&es.  Id  tho  large  Rorqual,  Bah^nopitra  mmtmh»,  G7  feet  long,  pre- 
viously spoken  of,  I  was  fortunate  enough  in  1865  to  find  attached 
by  fibrous  tissue  to  the  side  of  the  pelvic  bone  (which  was  sixteen 
iticbes  in  IcDgth)  a  distinct  femur,  consisting  of  a  uo^lule  of  cartilage 
of  a  slightly  comprpssed,  irregularly  oval  form,  and  not  quite  one 
ineh  and  a  half  in  length.  Other  specimens  of  tbe  same  animal 
dtssectod  by  Van  Beneden  and  Professor  Struthers  have  shown  the 
sauic ;  in  one  caf^o,  partial  ossification  had  taken  place.  In  the  genus 
Megaptera  a  similar  femur  has  been  described  by  Eschriidit ;  and  the 
ob^rvations  of  Hot u hard t  have  shown  that  the  Greenland  Right 
Whale  {Balisna  mystketitft)  has  not  only  a  representative  of  the  feninr 
ievaloped  far  more  completely  than  in  the  Rorqual,  being  from  sit 
lo  eight  inches  in  length  and  completely  ossified,  but  also  a  second 
smaller  and  more  irregularly  formed  bone,  representing  tbe  tibia. 
Oar  knowledge  of  thcflo  parts  in  this  species  has  recently  been 
greatly  extended  by  tbe  rcRcarches  of  Dr.  Struthers,  who  has  pub- 
lished in  the  *  Journal  of  Anatomy*  for  1881  a  most  careful  and 
detailed  account  of  the  dissection  of  several  specimens,  showing  the 
imoiml  of  variation  to  which  these  hones  (as  with  most  rudimentary 
Otfticiiiies)  are  liable  in  dificront  individuals,  and  describing  for  Iho 
first  time  their  distinct  articulation  one  with  the  other  by  synovial 
joiutu  and  capsular  ligaments,  and  also  the  most  remarkable  and 
tmlookod'fur  presence  of  muscles  piissing  from  one  bone  to  the  otbif , 
t«pr«seEiting  the  adductors  and  flexors  of  mammals  with  completely 


Jevelopod  limbs,  but  m  nituated  tliat  it  is  a,lmt>&t  Impoeeible  to 
coticoive  that  thoj  can  be  of  Any  uee ;  the  whole  limb,  Buch  as  it  is, 
being  buried  de^p  below  tbe  surface,  where  any  movemout^  except  of 
the  most  limited  kind,  must  be  impossiblo.  Indeed,  that  the  mo'^e- 
ment  is  very  limited  and  of  no  jmrticular  importanoo  to  tbe  aiiimal 
was  shown  by  the  f£w;t  that  in  two  out  of  eleven  whales  dissected  tha* 
hip-joint  was  firmly  anehylosed  (or  fiiod  by  bony  mi  on)  though 
without  any  trace  of  disease*  In  the  words  of  Dr.  Strutbers^ "  Nothing 
can  be  imagioed  more  useless  to  the  animal  than  rudiments  of  hind- 
legs  entirely  buried  beneath  the  skin  of  a  wLale^  so  that  one  is  inclined 
to  suspect  that  these  struetures  must  admit  of  fiome  other  interprets 
tion.  Tet,  approaching  the  inquiry  with  the  most  sceptical  deter- 
mination, one  cannot  help  being  convinced,  as  the  dissection  goes  on, 
Hiftt  these  rudiments  really  are  femur  and  tibia.  The  functional  point 
of  Tifiw  fails  to  account  for  their  presence.  Altogether  they  present 
for  contemplation  a  most  interesting  instance  of  those  aiguificant 
parts  J  rudimentary  structures/' 

We  have  here  a  case  in  which  it  is  not  difficult  to  answer  the 
question  before  alluded  to,  often  asked  with  regard  to  rudimentary 
parts :  Are  they  difiappenring  or  are  they  incipient  organs  ?  We  can 
have  no  hesitation  in  saying  that  they  are  the  former.  All  we  know 
of  the  origin  of  limbs  shows  that  they  commence  as  outgrowths  upijn 
the  surface  of  the  body^  and  that  the  £j^t-formed  portions  are  the 
most  distal  segments.  The  limb,  as  prove^l  by  its  permanent  state  in 
the  lowest  Vertebrates,  and  by  its  embrycdogical  condition  in  higher 
forms,  is  at  first  a  mere  projection  or  outward  fold  of  the  skin,  which, 
in  the  course  of  development,  as  it  becomes  of  use  in  moving  or 
supporting  the  animal,  acquires  the  internal  framework  which 
strengthens  it  and  perfects  its  fnuctions.  It  would  be  impoasible  on 
any  theory  of  (^usation  ytit  known,  to  conceive  of  a  limb  gradually 
develofied  frum  within  outwards.  On  the  other  hand,  its  disappearance 
would  naturally  take  place  in  the  opposite  direction ;  projecting  parta 
which  had  become  useless^  being  in  the  way,  would,  like  all  the  other 
prominences  on  the  surface  of  the  whales^  hair,  ears,  &e,,  be  removed, 
while  the  most  internal,  offering  far  less  intorfureneo  with  succegaful 
carrying  on  the  purposes  of  Ufe,  would  be  the  last  to  disappear^ 
lingering,  as  in  the  case  of  the  Greenland  Whale,  long  eni)Ugb  to 
reveal  their  wonderful  history  to  the  anatomist  who  has  been  fortunato 
enough  to  pnsscss  the  skill  and  the  insight  to  interpret  it. 

Time  will  not  allow  of  more  illostrations  drawn  from  the  Btructiir© 
of  e:Kisting  Cetacea ;  we  turn  next  to  what  the  researchos  of  palieou' 
tology  teach  of  the  past  history  of  the  order.  Unfortunately  this  doea 
not  at  present  amount  to  vtry  much.  As  is  the  case  with  nearly  all 
other  orders  of  mammals,  we  know  nothing  of  their  ooodition,  if  they 
existed,  in  the  meaozoic  age.  Even  in  the  Cretaceous  seas,  the 
deposits  at  the  bottum  of  which  ore  so  well  adapted  to  preserve  the 
refnainfl  of  the  creatures  which  swam  in  them,  not  a  fragment  of  any 
whale  or  whale^like  animal  has  been  fonud*    The  earliest  Cetaceans 
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of  whose  organ kation  we  bftV6  aay  good  evi douce,  are  the  Zeuglodons 
of  the  Eocene  furtDatiotia  of  JJortli  Atuerica,  Thcise  were  creatiirus 
whose  structure,  as  fur  as  we  know  it,  woa  i&terinedmte  between  tbat 
of  the  exiBting  suborders  of  tv  hales,  huyitig  the  elou gated  ,3ia«al  bones 
«Dd  anterior  position  of  the  nostrils  of  the  Mystacoeetes,  with  the 
teeth  of  the  Odontocetes,  and  with  some  charactert^  more  hke  those  of 
the  generalised  mamnjaliau  type,  than  of  any  of  the  eiiating  forms. 
In  foci  Zm^Mon  is  precisely  what  we  might  have  eipected  a  priori 
an  ancestral  form  of  whale  to  have  been.  The  remarkable  Bmallueas 
of  its  cerebral  cavity,  compared  with  the  jaws  and  the  resi  of  the 
skull,  so  different  from  that  of  modern  Cetaceans,  in  eicactly  pamlleled 
in  the  primitive  types  of  other  groupB  of  mammals.  The  teeth  are 
markedly  didcrentiated  in  diflereut  parts  of  the  series.  In  the 
anterior  part  of  both  jaws  they  aro  simple,  conical,  or  slightly  com- 
pre&aed  aod  gharp  pointed.  The  first  three  of  the  upper  jaw  ara 
distinctly  implanted  in  the  premaxillary  bone,  and  so  may  be  reckoned 
as  incisors.  The  tooth  which  succeedB,  or  the  canine,  is  also  simple 
and  conical,  but  it  does  not  greatly  oioeed  the  others  in  size.  This 
is  followed  by  five  teeth  with  two  distinct  roots  and  compressed 
pointed  crowns,  with  dentieolated  cutting  edges.  It  has  been  ihongbt 
that  there  was  evidence  of  a  vertical  Buccessiou  of  the  mular  tt>eth, 
as  in  diphyodont  mammals^  but  the  proof  of  this  is  not  quite  satis- 
factory. Unforttmately  the  structure  of  the  limbs  ig  most  imporfectly 
knovhu.  A  mutilated  humerus  has  given  rise  to  many  conjectures ;  to 
tome  anatomiite  it  appears  to  indieate  freedom  of  motion  at  the 
elbow-jointf  while  to  others  its  characters  seem  to  be  those  of  the 
ordinary  Cetacea.  Of  the  structure  of  the  pelvis  ^d  hind'limb  we 
are  at  present  in  ignorance^ 

From  the  middle  Miocene  period  fossil  Cetaeea  are  abundant^  and 
distinctly  divided  into  the  two  groups  now  existing.  The  Mysta- 
oocetes,  or  Whalebone  Whales,  of  the  Miocene  seas  were,  as  far  as  we 
know  now,  only  Balamoptetw^  some  of  which  ( a£  the  genus  CetoiheriiKm) 
w«rie,  in  the  elongated  dattenod  form  of  the  nasal  bones,  tho  greater 
distance  between  the  occipital  and  frontal  bones  at  the  top  of  tliQ 
head,  and  the  greater  length  of  the  cervical  vertebrm,  more  generalised 
thsn  any  now  existing.  In  the  shape  of  the  mandiblo  also,  Yaa 
Beneden,  to  whose  researches  we  are  chiefly  indebted  for  a  knowledge 
of  ihede  forms,  discerns  some  appr estimation  to  the  Odontocetea, 
Eight  Whal«8  i^Bal(£na)  have  not  been  fomid  earlier  than  the  Plioeeno 
l^eriud.  and  it  is  interesting  to  note  that  instead  of  the  individuals 
diminishing  in  bulk  as  wc  approach  the  times  we  Live  in,  as  with 
many  other  groups  of  aninmls,  the  contrary  has  been  the  case,  no 
known  extinct  species  of  whales  equalling  in  size  those  that  are  now 
to  be  met  with  in  the  oce«in,  Tbe  size  of  wbales,  as  of  all  other 
things  whose  most  striking  attributo  is  magnitude,  has  been  greatly 
euLggorated  ;  but  when  reduced  to  the  limits  of  sober  fact,  the  Green- 
land Kigbt  Whole  of  50  feet  long,  the  B(>erm  Whale  of  60,  and  the 
Great  Northern  llorqual  (Bala^noptera  Sihhaldii)  of  80,  exoeed  all 
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other  organic  stmctores  known,  past  or  present.  lustead  of  Hying  in 
an  age  of  degeneracy  of  physical  growth,  we  arc  in  an  ac;e  of  giants, 
but  it  may  boat  the  end  of  that  age.  For  countless  centuries  impulses 
from  within  and  the  forces  of  circumstances  from  without  have  been 
gradually  shaping  the  whales  into  their  present  wonderful  form  and 
gigantic  size,  but  the  very  perfection  of  their  structure  and  their 
magnitude  combined,  the  rich  supply  of  oil  protecting  their  internal 
parts  from  cold,  the  beautiful  apparatus  of  whalebone  by  which  their 
nutrition  is  provided  for,  have  been  fatal  gifts,  which,  under  the 
sudden  revolution  produced  on  the  surface  of  the  globe  by  the  de- 
velopment of  the  wants  and  arts  of  civilised  man,  cannot  but  lead  in  a 
few  years  to  their  extinction. 

It  does  not  need  much  foresight  to  divine  the  future  history  of 
whales,  but  let  us  return  to  the  question  with  which  we  started, 
What  was  their  probable  origin  ? 

lu  the  first  place,  the  evidence  is  absolutely  conclusive  that  they 
were  not  originally  aquatic  in  habit,  but  are  derived  from  terrestriid 
mammals  of  fairly  high  organisation,  belonging  to  the  placental  divi- 
sion of  the  class, — animals  in  which  a  hairy  covering  was  developed, 
and  with  sense  organs,  especially  that  of  smell,  adapted  for  living  on 
land;  animals,  moreover,  with  four  completely-developed  pairs  of 
limbs  on  the  type  of  the  higher  vertcbrata,  and  not  of  that  of  fishes. 
Although  their  teeth  are  now  of  the  simple  homodont  and  diphyodont 
type,  there  is  much  evidence  to  show  that  this  has  taken  place  by  the 
process  of  degradation  from  a  more  perfect  typo,  even  the  foetal  teeth 
of  whalebone  whales  showing  signs  of  differentiation  into  molars  and 
incisors,  and  many  extinct  forms,  not  only  the  Zeuglodons,  but  also 
true  dolphins,  as  the  Squalodons,  having  a  distinct  heterodont  den- 
tition, the  loss  of  which,  though  technically  called  a  "  degradation," 
has  been  a  change  in  conformity  to  the  habits  and  needs  of  the 
individuals.  So  much  may  bo  considered  very  nearly,  if  not  quite, 
within  the  range  of  demonstrated  facts,  but  it  is  in  determining  the 
particular  group  of  mammals  from  which  the  Cetaoea  arose  that 
greater  difficulties  are  met  with. 

One  of  the  methods  by  which  a  land  mammal  may  have  been 
changed  into  an  aquatic  one  is  clearly  shown  in  the  stages  which  still 
survive  among  the  Camivora.  The  seals  are  obviously  modifications 
of  the  land  Camivora,  the  Otarias,  or  soa-lions  and  sea-bears,  being 
curiously  intermediate.  Many  naturalists  have  been  tempted  to  think 
that  the  whales  represent  a  still  further  stage  of  the  some  kind  of 
modification.  So  firmly  has  this  idea  taken  root  that  in  most  popular 
works  on  zoology  in  which  an  attempt  has  been  made  to  trace  the 
pedigree  of  existing  mammals,  the  Cetacea  are  definitely  placed  as 
offshoots  of  the  Pinnipedia,  which  in  their  turn  are  derived  from  the 
Camivora.  But  there  is  to  my  mind  a  fatal  objection  to  this  view. 
The  seal  of  course  has  much  in  common  with  the  whale,  inasmuch  as 
it  is  a  mammal  adapted  for  an  aquatic  life,  but  it  has  been  con- 
verted to  its  general  fish-like  form  by  the  peculiar  development  of  its 
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bJntl-limbs  into  instrtimonts  of  proptiUii>n  through  tlie  water  j  fur 
tLongli  the  thigha  and  legs  are  era  ail,  the  fetst  are  large  and 
are  tbe  spceial  organs  of  locomotion,  the  tail  being  qnite  rufli- 
mentary*  The  two  feot  applied  together  form  an  organ  very  Hko  the 
tail  of  a  fish  or  wbale,  and  fuDctiouulIj  representing  it,  bnt  only 
functionally,  for  the  time  has  I  trust  quit-e  gone  by  when  the  GetocGfl 
were  defint^  m  animals  with  the  hinder  limbs  united,  forming  a 
forked  horizontal  tail."  In  the  whales,  m  we  have  seen,  the  hiud- 
linibs  are  aborted  and  the  tail  dcTeloped  into  a  povrerfnl  swimming 
organ*  Now  it  is  very  difEcult  to  suppose  that  when  the  hind-limbei 
IimI  onc«  become  so  well  ailapted  to  n  fun et ion  so  esBeutial  to  the 
welfare  of  the  animal  m  that  of  swimming,  they  could  ever  have 
becMime  reduceil  and  their  action  transferred  to  the  tail; — the  ntiimal 
most  have  been  in  a  too  helpless  condition  to  maintain  its  eiListence 
during  the  transference,  if  it  took  place,  as  we  mnet  believe,  griwlnally. 
It  is  far  more  reasonable  to  suppose  that  whales  were  deriyed  from 
animals  with  large  tails,  which  were  nsed  in  swimming,  eventually 
with  each  efioct  that  the  hind-limbs  became  no  longer  necessary,  and 
BO  gradually  disappeared.  The  powerful  tail,  with  lateral  cnt^eona 
flanges,  of  an  American  species  of  otter  (Ptvronnra  sandhacJm)  or  the 
still  more  familiar  tail  of  the  bcaverj  may  give  sttme  idea  of  this 
member  in  the  primitive  Cefacea,  I  think  that  this  consideration 
disp<36es  of  the  principal  argument  in  favour  of  the  whales  being  related 
to  the  ^cals,  as  most  of  the  other  resemblances^  such  m  those  In  the 
characters  of  their  teeth,  are  evidently  resemblances  of  analogy  related 
to  similarity  of  habit 

As  pointed  out  long  ago  by  Hunter^  there  are  numerous  points  in 
the  structure  of  the  visceral  organ  of  the  Cetacea  far  more  resembling 
those  of  the  Uuguliita  than  ttic  Ciimivora.  These  are  the  complex 
fitomach,  simple  liver,  respiratory  organs,  and  espeeiaily  the  repro- 
ductive organs  and  stmctnrea  relating  to  the  development  of  the 
young.  Even  the  skull  of  Zenglodon,  which  bos  been  cited  as  pre- 
eenting  a  great  resemblance  to  that  of  a  seal,  has  quite  as  much  likeness 
io  om  of  the  primitive  pig-like  llngulates,  eicept  in  the  purely 
adaptive  character  of  the  form  of  the  tc^cth, 

Thuugh  there  is,  perhaps,  geuerally  more  error  than  truth  in 
popular  ideas  on  natural  history,  I  cajinot  help  thinking  that  some 
inaight  boa  been  shown  in  the  common  names  attached  to  one  of  the 
most  familiar  of  Cetaceans  by  those  whose  opportunitiea  of  knowing 
its  nature  have  been  greatest — "  Sea-Hog,"  Sea-Pig,*'  or  *^  Herring- 
Hog"  of  our  iiflhermen,  Meerachwehi  of  the  Germans,  eorruptc<l  into 
the  French  "  MarsouLUj"  and  also  Porcpolsson,"  shortened  into 
**  Porpoise.'* 

Th#  difficulty  that  might  be  suggested  in  the  derivation  of  the 
CetiiOeft  from  the  Ungulata,  tkrising  from  the  latter  being  at  the 
fo^fleoit  day  mainly  vegetable  feeders,  is  not  greats  as  tho  primitive 
Ungulates  were  probably  omnivorous^as  their  least  modified  descend- 
ants,  the  pigs,  arc  btill ;  and  the  aquatic  branch  mighi  easily  have 
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giw^ually  Ixicome  more  &ud  more  pisttiTOToiis,  as  we  know  from  the 
Btructiire  of  thait  bones  and  toeth,  the  purely  terrestriai  members 
have  become  by  degreeg  more  eiclMBively  grammivorons. 

One  otber  oonsideration  may  remove  Bome  of  the  difficnltios  tbat 
mskj  arise  in  coutemplntiDg  the  transition  of  land  tiiammalB  int 
whiles.    The  Gaogetic  Doljihin  (Platmn»ta)  and  the  somewbAt  re-^ 
late^i  Inia  of  Sooth  America,  which  retain  eeyetnl  rather  geoeraliecd 
Diammaliati  charotiters,  and  are  related  to  flome  of  the  eai-lieat  known 
European  Mioeene  doLphinfi,  are  both  to  the  present  day  exelufiively 
fluviatile^  being  foniid  in  the  rivers  they  inhabit  almost  up  to  their 
very  sources,  more  than  a  thousand  miles  from  the  8oa.  May  this  not  ] 
point  to  the  freshwater  origin  of  tho  whole  group^  and  thus  acoonut 
for  their  otherwise  inexplicable  absence  from  the  CretaoeooE  seas  ? 

We  may  conelotle  by  picturing  to  onrsselves  some  primitive  gone* 
raliBed,  marsh-haunting  animals  with  scanty  oovering  of  hair  like  the 
modern  hippopotamus,  but  with  broad,  swimming  tails  and  short 
limbs,  omnivorous  in  their  mode  of  feeding,  probably  combining 
water-plants  with  mussels,  worms,  and  fre**h water  crustaceans,  gradu- 
ally becomiug  more  and  more  adapted  to  fill  the  void  place  ready  for 
them  on  the  aquatic  side  of  the  borderland  on  which  they  dwelt*  and 
SO  hy  degrees  being  mcKlified  into  dolphin-like  creatures  inhabiting 
lakea  and  rivers,  and  ultimately  finding  their  way  into  the  ocean. 
Here  the  diBappearanee  of  the  huge  Rnaliosaurians,  the  Ichthyosauri 
and  PlesioHaurij  which  formerly  played  the  part  the  Cetacca  do  now, 
had  kft  them  rid  pie  scope.  Favoured  by  various  conditions  of  tern* 
peratiire  and  climate,  wealth  of  food  supply,  almost  complete  immunity 
from  deadly  enemies,  and  illimitable  expanses  in  which  to  roam,  they 
have  undergone  the  various  modifications  to  which  the  Cetacean  type 
has  now  arrived,  and  gradually  attained  that  colossal  magnitude 
which  we  have  seen  was  not  always  an  attribute  of  the  animals  of  this 
group. 

Pleafle  to  recollect,  however,  that  this  is  a  mere  apecnlation,  which 
may  or  may  not  be  confirmed  by  subsequent  palteontologicBl  discovery. 
Buch  speculations  are,  I  trust,  not  without  their  use  aud  interest, 
especially  when  it  is  distinctly  understood  that  they  are  offered  only 
as  speculations  and  not  as  demonstrated  facts, 
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Thke£  seems  to  be  a  culminating  point  not  only  id  all  human  arte, 
but  in  the  fashion  of  particular  iusti  umeuts.  And  it  m  happens  that 
iho  pt^e-etniuent  and  typical  Inetrumeuts  of  war  and  of  mnBic  attained 
their  peri'ection  at  o early  the  same  time,  in  the  first  quarter  of  the) 
eighteenth  century.  Within  that  period  the  violin,  chief  miniBter  of 
the  nioel  captivating  of  the  arts  of  peace,  and  the  »word,  the  chosen 
w«ipon  of  skilled  single  combat  and  the  symbol  of  military  honour, 
■esumed  their  final  and  absolute  forms — forms  on  which  no  improve- 
ment has  been  foand  possible,  Strangely  enough,  the  parallel  holds 
»  etep  fnrther.  In  each  caae,  although  nothing  more  could  be  added 
to  the  model  or  the  workmanship,  it  was  yet  to  be  long  before  the 
full  capacities  of  the  instrmiieiit  were  developed.  A  quartet  of 
Beethiiven  hardly  differs  more  from  the  formal  suites  and  gavottes 
of  such  ooin[}OS6rs  as  Eamean,  than  dom  the  sword-play  of  the  school  of 
Prevofit  or  Cordelob  from  the  niwly  balanced  movement*  and  counter- 
movementa  taught  and  figured  in  the  works  of  De  Liancour  or  Girard, 
Nor  hae  fencing  been  without  its  modern  romantic  school ;  we  may 
even  say  that  it  has  had  its  Berlioz  in  the  brilliant  and  eccentric  Do 
Bazaucourt,  a  charming  writer  on  the  art,  and— as  he  has  been  de* 
Bcribed  to  me  by  competent  authority— un  tireur  dee  plus  fanim^iates. 
And  in  both  eases  we  may  truly  say  that  the  period  of  academic 
formality  was  the  iudispensahlo  priideceesor  of  the  more  free  and 
advButnroua  development  of  our  own  time.  But  before  the  modum 
Mnall-ftword  could  even  eiisth— fAe  sword,  as  it  is  called  eminently 
and  without  addition  in  its  land  of  adoption,  epee  as  op|M}Bed  to  sabre 
— M  hmg  course  of  growth,  variation,  and  experiment  had  to  be  run 
through.  To  givtj  some  genei^l  notion  of  the  forms  and  history  of 
the  a  word  is  what  I  shall  now  attempt ;  I  say  some  notion,  for  the 
tabject,  narrow  as  it  may  seem  at  first  sights  is  one  that  marvellously 
grows  upon  consideitition  ;  and  1  can  well  undoristand  that  (if  report 
■aye  true)  Captain  Burton  has  found  three  volumes  none  too  many  for 
the  compass  of  the  oxbauetivo  work  which,  after  long  preparation,  he 
is  about  to  give  ua.  And  though  there  are  perhaps  not  many  of  xia 
nowadays  who  would,  like  Claudio  l»cfurc  he  fell  iu  love,  walk  ten 
mile  a-foot  to  see  a  good  armour,  I  think  wu  shall  liiid  the  story  not 
without  interest. 
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The  sword  is  essentially  a  metal  weapon.  Here  at  the  outset  we 
are  on  disputable  ground ;  one  cannot  take  a  part  either  way  without 
differing  from  good  authorities.  But  some  part  must  be  taken,  and 
on  this  point  I  hold  with  General  Pitt-Rivers.  The  larger  wooden  or 
stone  weapons,  clubs  and  the  like,  were  not  and  could  not  be  imitated 
in  bronzu  in  the  early  days  of  metal-work,  for  the  one  sufficient  reason 
that  metal  was  too  scarce.  We  start  then  with  spear-heads  of 
hammered  bronze,  imitating  the  pointed  flints  which  doubtless  were 
still  used  for  arrow-heads  until  bronze  was  cheap  enough  to  be  thrown 
or  shot  away  without  thought  of  recoyering  it.  The  general  form  of 
these  spear-heads  was  a  kind  of  pointed  oval,  a  type  which  has  con- 
tinued with  only  minor  variations  in  the  greater  part  of  the  spears, 
pikes,  and  lances  of  historical  times.  It  is  difficult  to  say  whether 
the  spears  thus  headed  were  oftcner  used  as  missile  or  thrusting 
weapons,  though  the  javelin  has  also  forms  peculiar  to  itself,  of  which 
the  most  famous  example  is  the  Roman  pilum.  In  the  semi-historical 
warfare  of  the  Homeric  poems  the  spear  is  almost  always  thrown ;  in 
the  later  historical  period  it  is  hold  fast  as  a  pike ;  the  Romans,  care- 
fully practical  in  all  matters  of  military  equipment,  had  different 
spears  for  different  kinds  of  service.  In  mediroval  Europe  the  missile 
use  of  spears  had,  I  believe,  disappeared  altogether,  except  in  the 
defence  of  walls  and  in  naval  combats.  However  these  things  may 
be,  the  need  of  a  handier  weapon  than  the  spear  for  close  quarters, 
and  a  readier  and  more  certain  one  than  the  club,  must  have  been  felt 
at  an  early  time.  A  spear  broken  off  short  would  at  once  give  a  hand- 
weapon  like  the  Zulu  stabbing  assegai."  When  metal  becomes  more 
abundant,  and  skill  in  working  it  more  common,  such  weapons  are 
separately  designed  and  made;  the  spear-head  is  enlarged  into  a 
blade,  with  but  little  alteration  of  form,  and  we  have  a  bronze* 
dagger  of  the  type  known  to  English  archaeologists  as  "  leaf-shaped," 
the  characteristic  type  of  the  bronze  period  everywhere.  Some  of 
the  Greek  bronze  daggers,  indeed,  are  rather  smaller  than  the  fnll- 
sizcd  spear-heads.  With  increasing  command  of  metal  the  length  of 
blade  is  increased ;  and  we  have  in  course  of  time  a  true  sword.  It 
is  impossible  to  define  where  the  dagger  ends  and  the  sword  begins, 
but  perhaps  the  metal-bladed  weapon  may  fairly  be  called  a  sword 
when  it  is  two  feet  long  or  upwards,  and  has  a  metal  grip,  or  nucleus 
of  a  grip  (the  tang  "  of  the  modem  armourer),  wrought  in  the  same 
piece  with  it,  and  finished  off  with  a  counter-guard  or  ponmiel.  It 
may  bo  observed  that  the  prehistoric  armourers,  as  far  as  one  can 
guess,  had  no  theories  as  to  tho  most  effective  length  of  their  weapons. 
I  believe  the  dimensions  were  determined  (within  the  limits  of 
practical  handling  by  a  man  of  average  stature)  almost  wholly  by  the 
costliness  of  the  material.    In  the  later  bronze  and  earlier  iron 


♦  It  is  not  universally  true  that  bronze  was  known  and  worked  before  other 
metals.  Iron  came  first  where,  as  in  Africa,  it  was  most  accessible.  But  I 
speak  here  with  a  view  to  the  European  development  only. 
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ponods  wc  find  tlie  blades  attaining  almost  or  quite  the  length  of  a 
modem  Bftbm  And  in  like  manner  the  bulging  curvature  towards 
the  point  appears  not  to  have  been  adopted  in  order  to  glre  cutting 
|H)wor  (which  to  some  eilont  it  does),  but  to  be  a  mere  iraitiitLon  of 
ih©  spent-head,  which  in  turn  owes  its  form  to  imitation  of  the  earlier 
chipped  flint  points.  However  produced,  and  for  whatever  reasons 
retained,  this  leaf-shape  is  the  coutinuing  type  of  the  Greek  sword 
throngbont  ancient  Greek  history  ;  and  it  is  not  only  thus  persi stents 
but  now  and  thou  recurs  at  mncb  later  times  in  unexpected  ways.  It 
is  exactly  repr^jduccd  in  a  pattern  of  abort  s^'ord  for  the  French 
dismounted  artilleryiaau,  duted  1816,  which  may  be  seen  in  the 
d'Artilleri©  at  the  Invalides,  and  in  eomo  reeeut  oxpenmental 
ewofd-bayonefca*  As  tbo  bWle  lengthened,  tbo  leaf-shape  was  leas 
marked,  and  in  the  slays  of  the  Roman  empire,  and  the  barbarian 
dynasties  which  wore  built  up  on  its  ruins,  the  symmetrical  curvature 
liad  disappeared,  leaving  a  straight  and  broad  blade  which  became  the 
ISuropean  sword  of  the  middle  ages.  Meanwhile  the  leaf-sbape  bad 
thrown  out  other  offshoots  ebewhcro.  From  the  raediroval  typo  of 
Bwordf  or  in  some  cases  from  one  of  these  other  forms,  are  derived  all 
the  weapons  of  this  class  now  employed  by  the  European  races  of 


Even  in  the  prehistoric  period  the  leaf-shape  underwent  varia- 
tions. There  have  lately  been  found  at  Myceuie  several  sword  (or 
rather  dagger)  blades  of  nnkoown  antiquity,  differing  from  the 
common  pattern  in  being  straigbtr-edged  ;  as  likewise,  it  is  worth  while 
to  note,  are  the  fi words  figured  on  Astijriun  sculptures,  narrow  and 
slender  weapons  mounted  not  unlike  the  Roman  army  sword,  and 
apparently  tapering  to  a  jjoint.  These  My  con  man  examples  are 
elaborately  decorated,  and  of  the  utmost  interest  as  specimens  of  early 
artistic  metal  work.  Two  of  them  are  considerably  shorter  than  the 
others,  and  these  are  the  most  finely  wrought,  t  The  blades  are  covered 
with  hunting  eeenes  and  figures  of  animals,  partly  real  and  partly 
fabulous  ;  the  style  of  the  work  is  fircbaic,  and  both  the  general  style 
and  certain  details  suggest  an  Egyptian  origin  for  the  school  from 
which  it  came,  if  not  for  the  artists  themselves.  The  figures  are  not 
wrought  ill  one  piece  with  the  blades,  but  made  separately  and  let  in. 
Borne  process  i4  the  nature  of  euamelUug  is  used  in  parts,  and  gold, 
Of  alloys  uf  gold  and  silver  of  different  shades,  are  employed  to  give 


*  The  Londoner  hckmI  nut  even  tmuble  himself  to  wnlk  into  a  iniiBeiim,  for 
the  knf-ahiipt-d  (5rp«k  MWord  nf  i^tiiaHicui  titneH  hua  tx"*!!  f^urofully  roptcnl  from  the 
bcBt  AutJioritiM  in  the  wcii]>nn  htld  by  the  tttatue  ftl  Hydo  Purk  Corncf  tAken 
ffHjirt  the  ^roop  of  the  Dio<*curi  on  Monte  OavalK  disfigured  by  a  total  pervefifion 
of  the  origlmiJ  motive,  and  iibsnrdlj  re-aamed  Aohtllefl. 

t  EuuumiKles*,  'hH^mav,  vol.  ix.  p.  162,  and  X.  p.  303;  Kohkr,  '  Mitthcl- 
Im^fnn  dm  dutit^ichen  &rclmn)o<^{^)ien  lastitula  in  Athen^*  vol,  vii.  p.  241.  I  aw 
Inttcbltftl  to  Pjt)!^feiiM>r  OilvtD  for  th&  oammmiioiLtiori  at  Uiem  papera  aik]  their 
as  also  this  luouogr^pU  vu  the  Itgmau  toldier*!  equipiiuml  cit^d 
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Tflriety,  and  indicate  to  ernno  extent  tbo  HAturftl  <!<i!ouriog  of  tbe 
objects*  Whotber  imported  or  prodnceti  by  a  naturalised  Bt:hof)l  of 
cralismon,  ariuB  eo  ricbly  adorned  cannot  ba^e  boon  at  any  time  other- 
wise tban  a  Iniury  confined  to  chiefs  of  tbo  higbest  rank.  These  are 
of  an  antiquity  far  greater  tban  that  of  tbe  Homeric  poems ;  and  in 
Homer  there  is  nothing  that  wonld  lead  us  to  expect  snch  work,  though 
decorated  scabbards  and  mountings  are  mentioned.  Sworda  ocenr  now 
and  then  as  presents,  but  thero  is  no  trace  of  their  being  peculiarly 
valuable  posse asions,  and  still  less  of  any  peculiar  feeling  of  honour 
being  osaociafced  with  tbem«  Tbe  apeor  is  the  favourite  weapon  of 
Homer*6  mighty  men,  as  witnesa  the  spear  of  Achillea  wbich  none  but 
himeelf  can  cast.  Tbe  sword  ia  used  only  when  tbe  spmr  bos  failed*, 
and  seems  to  do  little  execution  then.  In  historical  Greece,  and  to 
some  extent  among  the  Romaus,  tbe  military  point  of  hononr  was 
bound  up  with  tbe  shield,  probably  becauae  the  abandonment  of  it 
was  naturally  the  firat  action  of  defeated  troops  anxious  to  lighten 
tbemselfes  in  retreat. 

So  far  as  anything  ce,n  be  inferred  from  tbe  allusions  of  tho 
Greek  tragedians,  and  from  a  few  historical  details  like  the  improve* 
monts  in  eqnipment  introduced  by  Ipbicratos,  tbe  sword  had  a  better 
relative  position  among  tbe  arms  of  Greek  warriorfi  in  post-Homeric 
times,  Pr<jbably  this  was  due  to  tbe  aupplanting  of  bronze  by  iron — 
a  process  which  was  complete  so  long  before  Tbueydides  wrote,  that 
iron  was  in  bis  language  the  natural  and  obvious  material  of  weapons. 
To  wear  arms  is  for  him  to  wear  iron :  in  old  times,  he  says,  every 
masi  in  Greece  "  wore  iron  "  in  every-day  life,  like  tbo  barbarians 
nowadays.  But  it  is  in  the  Boman  armies  that  we  find  the  first  distinct 
evidence  of  the  use  of  the  sword  being  studied  with  anything  like 
system.  We  learn  from  Vegetins— a  writer  of  tbe  late  fourth  eentnry 
A.D.,  and  of  no  great  authority  for  his  own  aake.  but  likely  enough 
have  preserved  genuine  tradition  a  of  the  service — that  the  Homaa 
soldier  was  assiduously  practised  in  sword  exercise.  What  is  more 
important,  tbe  Romans  had  discovered  the  advantage  of  using  the 
point,  BJid  regarded  enemies  who  could  only  strike  with  the  edge  e&s 
contemptible.  Vegetius  assigns  as  reasons  for  this  both  tbe  greater 
effoctivoness  of  a  thrust  and  the  less  esposnre  of  the  body  and  arm  in 
delivering  it ;  reasons  which  though  not  conclusive  are  plausible,  and 
show  that  the  matter  bad  been  tlionght  out.  Further,  tbe  Bomau 
practice,  notwithstanding  the  temptation  to  keep  the  shielded  side  fore* 
most,  was  to  advance  the  right  side  in  attacking,  as  modem  swords- 
men do.  The  weapon  was  a  thoroughly  practical  one :  the  straight 
and  short  blade  was  mounted  in  a  hilt  not  unlike  that  of  a  SeottisJi 
dirk,  scored  with  well-marked  grooves  for  tbe  fingers,  and  balanced 
with  a  substantial  pommel :  tbis  last  point,  by  tbe  way,  is  too  much 
neglected  in  our  present  military  swords.  A  shorter  and  broader 
pattern  was  wom  hy  superior  officers,  sometimes  in  a  highly  orna- 
mented stiabbard,  of  which  there  is  a  very  fine  specimen  in  tbe  Britisb 
Museum.    Longer  swords  were  used  by  the  cavalry  and  by  the  foreign 


4 


leaS.]  on  the  Formt  and  Bisioty  af  the  Sword.  381 

troops  in  til e  Romim  service,'  There  is  no  evidence,  however,  tbat 
the  Bomans  ever  attained  the  point  of  cultiTatizig  BirorddmanBbip  in 
the  proper  mne/e^  that  m,  making  the  Ewovd  a  defensiTe  as  weU  as  an 
o^naive  arm. 

After  the  fall  of  the  Eoman  empire  the  Bword  in  general  nse  is  a 
longer  ami  larger  weapon,  but  ha  tidied,  we  may  saspect,  with  less 
skill  and  effect.  It  ia  sti-aigbt,  heavy^  doiible-edged,  and  of  varyiog 
length  apparentlf  determin<^  by  no  rule  beyond  tbe  strength  or  the 
fancy  of  the  owner.  A  good  historieal  apeelnitm  of  this  type  is  the 
sword  of  Charles  the  Gruat,  exhibitoii  in  the  Lon?re.  As  oft&n  as  not 
the  earlier  modifevol  swords  are  roundod  off  at  tho  end ;  and  from 
thie^  as  well  as  from  the  faet  that  Borae  centuries  later  the  *'  fuiaing 
fence  "  of  the  Italian  school  watj  regarded  m  a  wholly  new  thing,  it 
appears  that  the  Boman  tnulition  of  pr<eferring  the  point  to  the  edge 
had  been  lost  or  disregarded.  There  is  every  reason,  indee*!^  to  believe 
that  tlio  medieval  form  is  the  continuance  of  a  prehistoric  one. 
Swords  dng  up  in  various  parts  of  Europe  from  several  feet  of  gravel 
show  no  essential  difference  of  pattern  from  those  which  were  common 
down  to  the  siiteenth  centnry.  The  hilta  of  the  prehistoric  swords 
do  imleed  affect  (though  not  in-^oriably)  a  shortnesa  in  the  grip  which 
soemf^  to  modem  Europeans  absunl,  though  a  parallel  to  it  may  be 
fonod  in  modem  Asiatic  swords ;  and  vyry  short  handles  occur  in 
European  weapons  as  late  as  the  thirteenth  century.  From  three  to 
tbree  and  a  half  inches,  or  sometimes  even  less^  is  all  the  room  given 
to  tho  hand.  The  modern  Europ^n  swotxlsman's  grip  is  flexible ;  he 
feq aires  free  space  and  play  for  the  Angers,  and  for  the  directing 
action  of  the  thumb  which  is  all  but  indiepensable  in  using  the 
pitint.  The  short  grip  is  intendefl  to  give  a  tight-fittint*  and  rigid 
gmsp,  60  that  the  whole  motion  of  the  cut  comes  from  the  arm  and 
shoulder ;  and  this  is  the  manner  in  which  Oriental  swords  are  stiXl 
handled^  Apart  from  this  diflerenco  in  the  size  of  the  grip,  ft 
medieval  knight's  sword,  or  one  of  tho  Scottish  swords  to  which  the 
name  of  claymore  (commonly  usurped  by  the  much  later  basket^hilted 
patl^^m )  properly  belongs,  has  little  to  distinguish  it  from  tho  arms 
of  unknown  date  which,  for  want  of  a  more  certain  attiibution,  are 
vaguely  called  British  in  our  museums.  But  one  thing  of  great 
curiosity  happened  to  the  sword  in  the  middle  ages;  it  became  a 
ttymbol  of  honour,  an  object  almost  of  worship,  the  chosen  seat  and 
itOAge  of  the  sentiment  of  chivalry.  This  may  be  ac-counted  for  in 
part  by  the  accident  of  the  cross^guartl  seeming  to  the  newly  oon« 
verted  barbarians  to  invest  it  with  a  sacred  oharacter ;  I  say  accident, 
for  the  cross-guard  is  cerlaiuly  prehistoric  and  therefore  pre-ChristiaTi. 
Still  the  religious  associations  of  the  cross  mmi  have  given  a  quite 
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new  eignificaiit^e  mA  importaDce  to  such  ciistcim&  a&  that  of  b wearing 
by  tilt'  sword— its^ilf  a  widely  spread  one,  and  of  ertreme  antiquity.* 
I  til  ink  that  otber  though  not  dissimilar  influences  also  eamo  into 
play.  In  the  Old  Toetameut  the  sword  is  much  oftener  mentioned 
tlian  the  spear,  and  is  a  recognised  symbDl  of  war  autl  wariiko  fMjwcr. 
Thus,  to  take  one  of  the  beet  Imown  passagefi,  we  read  in  the  forty-fifth 
Psolni,  "  Gird  thee  with  thy  eword  u|ion  thy  thigh,  O  thou  most 
mighty : "  in  the  Yuigate,  Accinffere  gladio  luo  super  femur  /iiwrn, 
potent imim^.  Now  it  is  no  matter  of  conjeeture  that  such  a  pas^ge 
deeply  aflceted  the  modiajval  imagination.  Thcao  words  are  quoted 
by  II  man  of  peace,  our  own  Braeton,  writing  in  the  thirteenth  century, 
when  he  sptmks  of  the  king's  power,  and  of  the  conn  eel  lors  and  barons 
who  are  luB  eompaniQua,  girt  with  sworda,  ai^sisting  him  to  do  judgment 
and  ji3£tice.  It  seemfi  hardly  too  funoiful  to  think  that  the  fascination 
and  pre-eminence  of  the  sword  which  wore  at  their  height  in  Btucton'a 
time,  and  are  not  extinct  yet,  were  in  some  measure  derived  from  that 
on©  triumphant  note  of  tlie  PBalmist.  Not  that  others  were  wanting ; 
there  ifi  the  two-edged  swonl  in  the  hands  of  the  saints ;  Exaiiatumes 
Dti  i%  guiturd  ^oriiffi,  et  ffl&dn  aneipites  m  wanih^is  eorum,  a  verj^e  that 
was  in  time  to  serve  the  Puritans  as  it  had  served  the  Crusadem 

But  to  follow  out  the  aBsociations  of  the  sword  with  knighthtxid, 
setai-religioua  military  vowa  and  enterprises,  and  military  honour  iu 
general,  would  be  matter  for  a  discourse  of  itself.  Let  m  return  to 
the  fashion  and  development  of  the  weapon.  Tboro  was  little  varia- 
tion from  the  eleventh  to  the  sixteenth  century,  save  that  the 
decoration  of  the  ecabbard  and  mountings  (of  which  I  do  not  propose 
to  speak)  grew  more  elaborate  with  the  growth  of  art  and  luxury,  and 
that  the  average  length  tended  to  increase.  After  the  twelfth  century 
tbo  svvord  is  generally  pointed  as  well  ai  two-edged,  and  the  point 
was  Bt>metimeB  u«ed  with  effect  In  a  fourteenth  century  MS.  iu  the 
British  Museum,  engraved  in  Hewitt's  'Ancient  Armour  and 
Weapons,'  a  mounted  knight  is  delivering  a  thrust  in  quarto  (as  w© 
now  say)^  which  completely  pieroes  bis  adversary 'e  ahield.    In  the 


*  It  ia  ooinmftb  ftmonp^  tlic  Hujputs,  and  h  met  with,  in  conjunctinn  with 
peculiar  foruiftlHiGs,  nmtioief  o«r[aiti  jiill  ixiXwti.  Wilbrnhmin  Egertoii,  *  Hiiudbook 
of  I  ml  ill  ti  Arms'  (publisliwi  by  tbe  India  <  UVu' ISS(i),  pp^  77,  105-6.  It  U 
fllao  a  very  old  Teiitouic  eujjtom.  Grimm,  *  J  K  iiLschr  Rt n'litsalterthtiiiiCir,'  pp.  165, 
896,  vt  Dncange,  jf*r.  Juramentam  (super  nrtutt).  Tiio  iiupticd  impiw-atiua  was 
pr^ibiibly,  "31  ay  tlio  gwl  of  wmt  abaod^vn  me  in  fight  if  I  Hwear  faLiely^"  hardly 
**Mfiy  1  pcnsh  hy  tho  ewoTtl,"  ior  it  was  held  disyracoful  to  a  free  man  to  did 
fttherwiua  tlmui  in  batLte,  la  tlie  uixtecnth  century  ^patiLih  ft^Qcinx^ioa^^teni 
tlieir  adtwiuifiDn  to  tbt;  giiild,  tuok  ku  ontli  *'fliiper  stgnum  sanHiK  cruder  fai^t^IH 
de  pluribufl  cnsibiiB;^"  *  Eevu«  urt'lit'ologique,'  vi.  Not  aiifroqiieutly  the  award 
itAidf  wtis  t]ie  object  of  womLIp;  tbe  fQit'liog  Is  more  easily  revivetl  iu  fig-hting 
times,  even  novr^  than  m6u  of  peace  are  apt  to  ttilnk,  aa  Kamer%  well-known 
Bword-goii^  i^bowe.  Cfimpare  General  Pltt-Kiv&ra'fi  Cktatogue  of  bis  roUi-ctiitn 
(8tiktionenr  OfBee,  1877),  p.  102.  Some  of  the  formalas  in  Dunkngte  suggest  tlie 
mt-ftiiinK,  '*  What  I  Bs»rt  or  promise  I  am  reasij  to  make  j^ood  with  the  B*ord ;  '* 
hut  ItiiJi  I  4us[i«yt  ifl  A  him  j-atiuuiilibmg  of  the  original  oercinguy. 
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mxiemth  ceDturj  the  blade  ib  made  oarrower  and  ligbtcr,  and  the 
9ward-IiaBd  is  for  the  first  time  adeqmately  guarded.  First,  tlie  plain 
croas-bor  puts  on  Yarious  curred  forms  latoDd&d  to  arreat  or  entanglo 
an  enemy's  blado  with  greater  effect  Then  rings  project  on  either 
side  of  the  root  of  the  blade,  and  are  worked,  as  time  goes  on,  into  a 
more  or  leea  complex:  sytitem  of  convolutions  according  to  the 
oofltUneflS  of  the  weapon  and  the  fikill  and  fancy  of  the  maker.  Thc^ 
curved  guards  are  knovh'n  aa  pat  d*dne,  while  the  oroes^pie<^  in  the 
plane  of  the  blade,  now  slender  and  elongated,  and  often  cnrnng 
towards  the  point,  are  called  quilhns.  Next  the  guard  throws  up  one 
or  more  branches,  covering  or  encircling  the  exposed  outer  part  of  the 
hand,  iTjese  branches  form  a  shell  or  basket  pattern,  their  ends  are 
solidly  joined  to  the  pommel  (after  an  interval  of  hesitating  osculation, 
well  exemplified  in  a  sword  now  in  the  moseum  of  the  United  Service 
Institution,  which  was  borne  by  Cromwell  at  Dmgheda),  and  nothing 
but  a  process  of  selection  and  simplification  is  now  needed  to  produ<^ 
all  the  modem  pattema  of  sword-hilts.  It  w^aa  at  Venice  that  the 
basket-hilt  came  first  into  regular  use  in  the  swords  named  Schiawne^ 
fnim  being  worn  by  the  Doge's  body-guard  {Schiavoniy  Slavs,  i,  e. 
Dalraatians).  In  these  it  is  of  a  flattened  elliptical  shape,  The 
Scots,  renowned  before  the  middle  of  the  sixteenth  century  for  their 
careful  choice  of  wcapouB,  took  up  the  model,  and  in  the  course  of 
another  generation  or  two  developed  it  into  the  weU-known  basket- 
gnard  atUl  used  by  our  Kighl^id  regiments,  the  most  complete  pro^ 
tection  for  the  swordsman's  band  ever  devised  without  undue  loss  of 
freedom.  Meanwhile  the  pas  tTdne  solidifies  into  a  hollowed  disc  or 
even  a  deep  bell-ahaped  cup,  the  characteristic  feature  of  the  guard  of 
the  Spanish  rapier  and  the  modem  duelling  swords  One  cannot  help 
speaking  of  the  works  of  men^s  hands,  when  one  traces  them  in 
historical  order  through  their  several  forms,  as  if  ihey  were  organic 
and  grew  like  flowers,  or  like  variationB  of  a  natural  species  ;  and  in 
tmih  it  is  not  an  idle  conceit,  for  the  development  of  design  and 
workmanship  answers  to  a  real  organic  development  in  the  men  from 
whose  brain  and  hand  the  work  prt>ceeds ;  every  generation  takes  up 
from  its  /athers,  if  it  is  worthy  of  them,  a  new  starttng-point  of 
imagination  and  aptitude,  and  the  strange  conservatiem  of  the 
imitative  fiaeulty  is  a  sure  warrant  of  continuity. 

The  latter  half  of  the  sixteenth  century  was  the  time  when  the 
■word  stood  highest  in  artistic  honour.  Then  it  was  that  Holbein 
dasfgned  its  ornaments  for  Henry  VIII.,  and  that  Albert  Dflrer 
etngraved  a  oraoifixion  on  a  plate  of  gold  for  the  boss  of  a  sword  or 
digiger  ot  the  Emperor  Maximilian's.  Both  the  sword  and  its  oma- 
meat  disappeared  at  an  early  time,  the  prey  of  some  greatly  daring 
f)i>|l6etor,  and  nothing  is  now  known  of  their  fate  :  the  do^igu 
Borrivcs,  for  impressions  were  taken  -as  from  an  ordinary  engraver's 
plate,  and  some  are  still  in  existence,  though  a  good  example  is 
extmnely  rare.  But  in  the  true  armour©r*8  or  swordamau*s  eyes  tl»e 
work  even  of  a  Holbein  and  a  Biirer  is  only  extraneous  adornment. 
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and  must  jield  in  interest  to  tho  qualities  of  the  blade.  And  at  this 
time  the  flwoni-smith  became  again,  as  he  had  been  in  the  ruder  ages 
when  metal  working  was  the  gecrot  of  a  few  craftsmen^  a  man  of 
renown.  In  Spain,  in  Franeo,  in  Germanyj  and  in  Italy,  there  rose 
up  mastors  and  sehook  of  aword-cutlery.  There  was  a  time  when 
tho  bludaa  of  Eordeiiux  and  Puitiera  had  the  best  price  in  th^  English 
market;  but  soon  those  of  Toledo,  combining  beauty,  etrength,  and 
elasticity,  gained  that  ominonce  of  which  the  tradition  still  clings  to 
them,  Othello's  "  sword  of  Spain,  the  ice-brook's  temper/*  was  euoh 
an  one  as  these  now  bofore  us*  And  Shakespeare,  be  it  noted,  knew 
here,  as  always,  exactly  what  he  was  speaking  of ;  for  it  w«ts  long 
believed  that  the  quality  of  the  finest  blades  depended  on  their  being 
tampered  in  mountain  f^tream^.  Germany  was  not  far  behind  in  the 
race  either;  tho  Solingon  blades,  stouter  and  rougher  than  the 
Spanish  ones,  bat  for  that  reason  fitter  for  common  mOitary  service^ 
made  their  trade-mark  of  a  running  wolf  known  throughout  the  north 
of  Europe*  Tho  wolf,  or  hieroglyphic  symbol  that  passed  for  one, 
was  easily  taken  for  a  fox.  Houee,  it  should  seem,  the  cant  name  of 
foit  for  a  8  word  J  which  is  current  in  our  Elizabethan  literature,  "  O, 
Signieur  Dew,  thou  diost  on  point  of  fox,"  cries  Pistol  to  bis  captive 
on  tho  field  of  A  gin  court.  A  still  greater  reputation  was  gain&d  by 
the  strong  and  keen  broadswords  bearing  the  name  of  Andrea  Ferara, 
long  a  puzsle  to  antiquaries  from  the  want  of  positire  knowl^ge 
whether  he  was  of  Italian  or  Spanish  origin.  The  story  that  he  was 
invited  to  Scotland  by  James  V,  appears  to  be  more  guess-work. 
There  exists,  however,  contemporary  evidence  that  some  time  after 
1580  two  brothers,  Olovan  Donato  and  Andrea  dei  Ferari,  were  well- 
known  sword-makers,  working  at  Belluno  in  Friuli,  the  Illyriaa 
territory  of  Yen  ice ;  and  this  goos  far  to  settle  the  i|ueBtion  bt^tween 
Spain  and  Italy.*  Probably  the  name  of  Ferara  became  a  kind  of 
trade-mark^  and  was  used  afterwards  by  many  successors  or  imitators. 

During  this  timo  the  Spanish  and  Italian  rapier  was  nndcrgoing 
it«  peculiar  development,  and  leading  tho  way  to  the  modern  art  of 
fencing.  But  this  takes  ua  out  of  the  general  line  of  history  into  ft 
distinct  branch.  We  have  henceforth  to  consider  the  sword,  not  aa 
the  simple  following  out  of  a  given  primitive  form,  but  as  a  weapon 
diverging  from  that  form  in  two  directions.  It  may  b©  specialised  ag 
a  cutting  or  as  a  thrusting  arm.  In  the  military  sabre  of  our  own  timo 
we  find  both  qualities  reconciled  by  a  sufficiently  eflective  compromise, 
but  only  after  a  long  eourae  of  experiments. 

For  many  centuries  the  armourers  and  swordsmen  of  the  East 
have  cultivated  the  edge  at  the  expense  of  the  point,  and  have  attained 
ft  partly  just  and  partly  fabulous  renown.  The  point,  after  being 
neglected  since  the  days  of  tlio  KomanH,  has  made  up  ita  lost  timo  in 
tho  West,  and  made  it  up  triumphantly ;  for  it  is  now  admitted  that 
the  swordsman  who  would  be  a  complete  master  of  the  edge  must  have 
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leanit  iho  ways  of  the  point  also.  Let  us  tako  the  earlier  stage  first, 
n^ebowD  in  the  cutting  swords  of  the  East.  Broadly  speakiDg,  thoir 
chmrftcterietic  feature  is  a  decidedly  curved  blade  as  opposed  to  the 
etfaight  or  newly  straight  European  form.  Not  tliat  all  old  Europeim 
swords  are  fitraight,  or  all  Eastem  aw^ordg  enrved.  There  aro  curved 
blades  of  mediaeval  and  even  earlier  times  (om  pr^hktoric  example  is 
in  the  Copenhagen  Museum),  and  one  remarkahle  type  of  Indiaji  sword, 
the  Mahrattn  gauntlet  sword  (Pat&),  is  quite  straight ;  but  the  contrast 
Kolds  good  in  the  main.  The  object  of  curvature  is  to  gain  cutting 
power.  When  a  straight  aword  strikes  its  object  full,  tlie  direction  of 
the  stroke  i^  at  right  angles  to  the  length  of  the  bind e ;  and  the  amount 
of  reeistanee,  for  a  givon  velocity  of  stroke  aad  subetauco  to  be  cut,  is 
measured  by  the  aeutetiess  of  the  angle  shown  bj  a  transverse  section 
of  the  cutting  blade.  The  finer  this  angle,  the  less  the  redetance.  In 
the  CAse  of  an  instrument  not  intended  to  bear  rougb  usage  or  cut  hard 
bodies,  or  much  of  any  substanf^  at  one  stroke  (ns  a  razor),  it  is  only 
ft  education  of  workmanship  how  fine  the  angle  can  be  raade.  But  with 
a  ftword  it  is  otherwise.  Without  a  certain  amount  of  thickness,  the 
beet  iteel  blade  would  be  too  fragile  or  too  flexible,  so  that  in  practice 
the  limit  up  to  which  its  cutting  power  can  be  increased  by  fining 
down  the  edge  is  soon  reached.  But  now  let  the  blow  be  delivered  in 
m  direction  not  at  right  auj^les,  but  ublii[ue  to  the  axis  of  the  blade. 
The  angle  of  resistance  will  then  be  given  by  an  oblique  section  of 
the  blade,  and  in  proportion  to  the  obliquity  it  will  be  finer  than  the 
ftngle  of  a  straight  cross  section.  It  is  on  exactly  the  same  prinoiple 
that  the  steepness  of  a  road  or  path  on  a  motmtain  side  ig  diminish ed 
bj  giving  it  a  zigzag  course.  With  a  straight  edge  this  efiect  can  be 
produced  bj  what  is  called  a  drawing  cut.  But  it  is  far  more  simply 
and  certainly  produced  by  giving  a  permanent  curvature  to  the  edge 
in  the  part  where  the  stroke  falls.  A  weapon  thus  forraod  cannot 
help  presenting  an  oblique  isection  of  the  blade  in  the  act  of  cutting, 
and  therefore  will  cut  better  than  a  straight  weapon  of  similar  trans' 
Terse  section*  This  is  the  principle  of  all  curved  swords,  exemplified 
in  the  choice  Persian  blades,  in  the  common  Indian  sabro  (Talwar), 
and  in  the  light  cavalry  sword  of  almost  identical  pattern  which  was 
used  in  our  own  service  in  the  Peninsular  and  Waterloo  campaigns. 
Near  the  hilt  the  blade  is  nearly  straight^  but  towards  the  centre  of 
percussion  it  bends  rapidly  away.  This  efiect  is  enhanced  by 
njonuling  the  sword  so  that  the  initial  direction  of  the  blade,  from 
which  the  curve  falls  hack,  makes  a  sen  Bible  angle  with  the  lino  of 
direction  of  the  hilt,  and  goes  before  it  to  meet  the  object  struck  at  \ 
in  the  Bword-smith's  terms,  by  making  the  edge  "lead  forward." 
Henoe  the  elegant  double  curve  made  by  the  blade  and  hilt  of  tho 
Persian  sabre.  The  same  rulo  is  followed,  though  less  obviously,  by 
the  moet  reoiint  Euri>pean  patterns*  In  Japanese  swords  it  is  reversed, 
for  some  reason  which  I  have  never  seen  explained. 

The  use  of  a  curved  blade  is  of  unknown  antiquity  in  the  East. 
Its  must  anoiont  totm.  was  probably  short,  and  broader  at  tho  point 
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than  at  the  handle  (the  Bcitnitar  properly  m  called) ;  an  exaggerated 
repreeentfttion  of  this  type  is  the  crmvenfcioiial  weapon  of  Oriental  a  and 
barharians  among  the  painters  cjf  the  Renaiftsance  or  even  later, 
Pasfling  over  earlier  stages,  however,  let  lis  come  to  the  sahre  which 
waa  made  known  to  Western  Europe  by  the  croBadcB,  and  whoeo  form 
and  fashion  have  continued  to  our  own  day  without  notable  change. 
These  Indian  and  Persian  arms  exhibit  the  peifeciton  of  a  specialised 
type.  Great  cutting  power  is  gained  by  the  cuirature,  which  enaurefi 
on  oblique  section  of  the  blade,  and  therefore  an  acuter  angle  of 
resistance,  being  presented  to  the  object  struck.  Everything  else  ia 
BacrEflced  to  the  power  of  the  edge,  and  sacrificed  deliberately.  The 
small  grip  and  the  partial  or  total  neglect  of  protection  for  the  sword- 
hand  are  part  of  the  sanio  plan.  Defence  is  left  to  tlie  shield  and 
armour*  The  curious  projecting  pommel  of  the  commonefit  pattern  of 
Indian  sabre  may  act,  indeed,  as  a  gnard  for  the  wrist^  but  it  has  other 
nsep;  it  may  become  a  weapon  of  offence  at  close  quarters,  it  balances 
the  weight  of  the  blade,  and  it  may  be  graB[vocl  with  the  left  hand  f(*r 
a  two-handed  blow,  Scottish  broadswords  not  Tincommonly  have  a 
kind  of  outside  loop  made  in  the  hilt  for  the  same  purpose. 

More  time  and  labour  have  been  given  to  the  making  and  adorn- 
ment of  choice  weapoDS  in  Syria,  Persia,  and  India  than  in  any  other 
part  of  the  world.  The  beet  steel  always  came,  it  appears,  from 
India.  Damascus  has  given  its  name  to  the  clmracteristic  processes 
of  Oriental  metal- work,  bnt  has  long  ceased  to  bo  the  chief  seat  of  the 
art :  the  best  blades  at  the  present  day  are  still  made  in  Kliorasean, 
where  the  manufacture  has  been  carried  on  since  the  time  of  Tiraour, 
who  transported  thither  the  best  artificers  of  Damascus,'**  Neverthe- 
less, Damascus  blades,  or  what  purport  to  be  such*  are  still  freely  sold 
to  travellera  in  the  East.  One  such  purchaser,  I  am  told,  observed 
that  a  number  of  these  swords  had  the  same  inscription  in  Arabic 
characters.  He  was  unable  to  read  it  himself,  but  afterwards  con- 
sulted an  Orientalist,  who  informed  him  that  the  writing  signified — 
**  I  am  not  a  Damascus  blado."  It  may  be  believed  that  the  interpre- 
tation was  faithful,  for  the  jest  is  quite  in  the  Persian  manner.  The 
(laninsked  or  "watered"  appearance  of  the  blades  which  are  moBt 
highly  esteemed  in  the  East  appears  to  have  been  originally  due  to  an 
accidental  crystallisation  of  the  steel  in  the  prooesa  of  conversion. 
The  production  of  it  was  long  thought  a  secret,  but  Western  experts 
have  now  both  explained  and  imitated  it.t 

While  we  are  among  Indian  weapons,  we  may  learn  from  them 
that  the  development  of  the  sword  from  the  dagger  by  snccessivd 
steps  and  modifications  is  not  a  matter  of  mere  archaeological  con- 
jecture. Almost  conclusive  proof  is  given  by  the  series  of  inter- 
mediate forms  between  the  straight  broad  dagger  (Kat4r),  with  a 
handle  formed  by  a  pair  of  ctoBS-bars  set  doea  together  between  two 


•  E^rlon, '  HaTidbook  of  Indian  Atwh*  p.  56. 

t  WilkfnBon,  *  EnginoB  of  War  '  (184 1  )f  pp.  200  ei  aeq. 


1 


on  ihts  J^-yrtJM  and  Hiat^jry  &f  ilw  Si&ord, 


387 


other  bars  parallel  to  the  a^B  of  tlie  blade  which  Berve  as  hand-guards, 
and  the  long  sword  with  gauntlet  hilt  called  Pat4  The  dagger,  as  far 
as  the  blade  gocs^  is  of  a  widespread  tjpo:  the  medifeyal  short 
Bwordflf  for  oianiple,  called  by  modern  autiquarios  "  auolaco  *'  or 
langue-de-bo&uf  "  (though  there  is  some  doubt  as  to  what  anelace  or 
■Jilaa,  a  namo  peculiar  to  England  and  of  unknown  origin,  really 
m^ns),  are  not  iinlike  it.  But  tbe  n^ounting  is  peculiar,  and  enable 
ufi  to  follow  the  transitions*  First  the  bl&do  is  mode  about  a  third 
or  a  half  longer.  Then  a  kind  of  Bhell  cohering  the  back  of  the  hand 
14  added  to  the  bars  of  the  haud^guard.  In  this  form  the  weapon  is 
called  "  Bara  jamdiliid"  (death-givor),  and  seems  to  be  known  only  ia 
a  limitied  port  of  Southern  India.  Finally  the  blade  is  lengthened 
into  a  double-edged  sword,  and  the  hand-guard  is  closed  in  so  as  to 
make  a  complete  ganntlot-shapcd  hilt  Tbe  original  cross-bar  handle 
remains,  making  the  grip  entirely  different  from  that  of  an  ordinary 
sword>^  One  does  not  eee  how  an  arm  thus  mounted  can  be  used 
except  for  a  sweeping  blow,  no  room  being  glTon  for  the  slightest 
play  of  the  wrist.  It  is  not  uncommon  to  11  nd  old  Spanish  or  other 
European  blades  mounted  in  these  gauntlet  hilts—a  fact  worth 
noticing,  to  correct  the  popular  impression  that  Eastern  swords  are 
better  than  Euro^^an  ones.  This  is  far  from  being  gonomlly  true. 
Not  only  may  old  Spanish,  Italian,  or  German  blades  bo  found  in  col- 
leetions  of  Oriental  arms,  but  in  quite  modern  times  Indian  horsemen 
have  been  known  to  use  by  preference  Eoglish  light  cavalry  swords, 
remounted  in  their  ov?n  fashion,  and  to  do  terrible  execution  with 
them.  European  swords  have  been  found  ineffective  in  Indian  war- 
fare, not  because  they  were  bad  in  themselves,  but  because  they  were 
not  kept  sharp  like  the  Indian  ones.  "  A  sharp  aword  will  cut  in  any 
one*s  hand,"  said  an  old  native  trooper  to  Captain  Nolan  in  answer  to 
quofitions  as  to  the  secret  of  the  Indian  horsemen's  blowSi  And  if 
European  sword-smiths  do  not  produce  habitually  such  elaborate  work 
as  thoee  of  Persia  and  Damascus,  it  is  not  because  they  have  not  the 
wotstei  of  their  Eastern  ftiUow-craftsmen,  but  because  the  time  and 
CTpense  required  for  watered  blades  are  such  as  would  not  be  oompeu- 
Ba£ed  by  tho  price  obtainable  in  the  Western  market,  Ouly  in  the 
East,  where  men  seem  to  take  no  count  of  time,  and  where  centuries 
have  passed  without  historians  and  without  any  means  of  fixing  dates, 
eould  this  branch  of  the  armourer's  art  have  arisen,  or  be  regularly 
practised. 

Similarly,  we  have  all  read  in  Walter  Bcott's '  Talisman  *  the  spirited 
(though,  it  muBt  be  confessed,  inaccurate  f)  description  of  tbe  eword- 


*  Exainple«  of  all  Ifae  stasm  laa^  be  men  in  th«  Itidtan  eeeliou  of  th&  Soutli 
KennDgtoa  Mudeum,  or  Htill  better  in  the  Pit t-Ki vera  coUeetioa,  where  a.  tme  is 
i|HQiaUj  luraagwl  to  Hfaow  the  tmuiiitLon, 

t  Rinhard  L  ismvif^&%o  wield  u  two-haniied  Bword,  a  weapon  imknown  in  Uie 
timj&,  Hid  used  only  hj  fyot-aoltliere  wheaitdld  oome  in  »me  three  centuries  later ; 
and  8a]adln'«  ia  deficribed  us  hariag  n  narrom  ourred  blade,  whereaa  Iodo-Pcr»ia>n 
itfsrai  are,  en  the  atemgo,  broader  If  anything  tb&u  Etu^pe^n  «wordi^ 
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feats  perform<Kl  by  Eichard  and  Saladin  ;  aud  moei  reodere  probably 
imagine  the  cutting  of  the  cushion  and  tUe  Teil  to  require  some  tc^mper 
to  be  found  only  in  Oriental  blfldes,  or  eome  refinement  of  address^ 
peculiar  to  Oriental  hands*  But  these  and  other  feats  of  Eastern 
swordsmen  have  been  and  are  repeated  with  success  by  Europeans  in 
our  own  time.  It  is  true  that  a  light  and  yerj  sharp  sword,  not  the 
service  arm,  is  nmd  for  that  special  pnrpoBO. 

VariouB  peculiar  types  of  curvod  swords  and  more  or  less  similar 
weapons  occur  in  different  parte  of  the  East.  One  which  deserve* 
special  mention,  from  the  distances  to  which  it  has  travelled,  is  thd' 
yataghan  tyi^e.  The  donhly- curved  blade  of  tho  yataghan,  still 
constant  part  of  the  armed  Albanian's  equipment^  and  a  favooritoj 
Turkish  weapon/  is  identical  in  form  with  the  short  sword  or  falchion 
(Kopia)  figured  on  sundry  Greek  monumentB,  and  with  the  Kukri  of 
Kepjih  This  last,  indeed,  ia  commt^nly  broader  and  more  curved ; 
but  there  is  an  elongated  variety  of  it  which  cannot  be  distinguished 
from  the  yataghan,  and  which  occurs  in  Nepal  itself,  in  the  Deccan, 
and  in  Bind.  A  precisely  similnr  arm,  probably  imported  by  Bomai 
RuxiliarieR,  has  beou  found  at  Cordova  and  elsewhere  in  Spain,  aticl 
may  be  seen  in  the  Pitt-Rivers  collection  and  the  Musi^e  d'Artillerio, 
It  makes  a.  very  handy  and  formidable  weapon,  combining,  if  not  too 
much  curved,  a  strong  cutting  edge  with  conBiderable  thrusting  i)Ower- 
Of  its  birthplace,  1  believe,  nothing  is  known ;  it  is  more  or  less  used 
in  all  the  Mahometan  parts  of  Asia,  and  the  geographical  distribution 
would  point  to  Persia  or  thoreabouta  for  a  common  origin ;  but  then 
Persia  is  just  the  country  where  the  thing  seems  to  be  least  oonunon^ 
and  the  word  is  purely  Turkish.  It  is  not  impossible  that,  notwith- 
standjDg  the  strong  temptation  to  make  out  a  pedigree,  we  b&ve  here 
a  case  of  independent  invention  in  two  or  more  distinct  quarters ;  and 
in  fact  the  Kukri  of  the  Gorkhas  is  stated  (on  what  authority  I  do 
not  know)  to  be  derived  from  a  bill-hook  used  for  woodcutter «  work 
in  the  jungles.  In  modem  times  the  yataghan  has  been  the  jiarcnt  of 
the  French  sword -bay on etj  and  it  was  even  projioscd  by  Colonel 
Marey,  the  author  of  a  full  and  ingenions  monograi>h  on  the  forms 
and  qualities  of  swords,  to  make  the  infantry  officer's  sword  of  tluB 
pattern. 

There  aro  many  kinds  of  outlandish  weapons,  in  Nepal  and  farther 
east,  of  which  the  edge  has  a  concave  instead  of  a  convex  curvature, 
I  doubt  whether  tliese  be  properly  swords ;  at  all  events,  thoy  have 
bod  no  influence  on  European  forms.  The  Japanese  swords  aim 
stand  by  themselves,  though  they  are  historically  nothing  but  a 
superior  variety  of  the  general  type  which  is  found  in  China  and 
Burmah,  and  to  some  extent  in  the  Malay  archipelago.  They  aro 
exceedingly  sharp,  but  have  no  flexibility  at  all.  It  may  be  worth 
noting  that  the  custom  of  wearing  two  swordsj  which  has  been  the 

*  I  do  uot  iiiink  it  whs  adopted  by  the  Greeks.  In  the  Klepbtio  tHdiluda  it 
leeniK  (&  be  oppoaoil,  as  the  Turkish  arixi,  to  the  Oreeik  aword  {irwnBi}, 
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occftfiion  of  some  curiosity  and  coBjeotural  cucplaniitioii,  Ib  not  confined 
to  Jf^pai;*  Certain  Ambs  in  the  Mahratta  Barvico  arc  eta  ted  to  have 
dune  the  eajno,*  The  two  swords  of  the  Japanese,  however,  tue  of 
Bucih  different  Bixea  as  to  be  rather  comparable  to  the  sword  and 
dagger  of  Europeans,  and  perhaps  there  is  really  nothing  to  explain < 

We  pass  now  to  the  other  special  lino  of  development,  that  of  the 
rapier  and  small -sword.  Whatever  differences  of  opinion  may  bo 
jioeeible  aboot  the  sabre,  there  can  be  no  doubt  that  the  straight 
sword  which  ultimately  became  a  thriiBtiug  gword  is  an  extension  of 
the  dagger*  The  East  13  rich  in  daggers  of  many  forms,  so  rich  that 
in  India  alone  a  score  of  diEtinct  names  for  diistinet  varieties  of  the 
weapon  appear  to  be  current.  There  is  a  brood  diBerence,  however, 
between  the  etroight  and  the  curved  daggers,  and  the  modes  of  using 
them ;  the  etrai^ht  ones  being  held  like  a  Sword,  the  curved  ones  the 
reverse  way,  with  the  little  finger  neit  the  blade.  Among  the  curved 
epeciee  is  one  of  which  the  shape  would  be  pu^^ling  if  it  were  not 
Kmowii  to  be  simply  copied  from  a  buffalo  hurn.  The  proof  is  that  a 
daggier  of  this  class  is  sometimes  nothing  but  the  split  aud  sharpened 
buffiblo  horn  itself,  I  am  not  sure  that  all  the  curved  daggers  may 
Dot  be  due  to  mme  imitation  of  this  kind,  and  thus  be  quite  uncon- 
nected with  the  coerae  of  development  leading  up  to  the  muderu 
sword.  That  the  curved  sabre  is  modified  from  a  sii'aigbt  sword,  not 
enlarged  from  a  curvetl  dagger,  is,  I  think,  too  plain  for  discussion. 
The  broftd-bladed  straight  dagger  which  lengtheued  iuto  the  guuutlet- 
kilted  sword  has  already  been  mentioned.  But  neither  in  this  nor  in 
any  other  case  does  the  enlargement  of  the  dagger  ap[>ear  to  have 
anggeeted  in  the  East  the  fabrication  or  use  of  a  fuU-glzed  a  word  with 
thrusting  for  its  chief  or  sole  purpose*  The  rapier,  the  duelling 
sword,  and  tb©  art  of  fencing,  are  purely  Western  inventions.  Before 
going  farther,  let  us  put  a  needful  distinction  of  terras  beyond  misttdte, 
A  duelliug  sword  and  a  rapier  are  not  the  same  thing,  though  they 
»re  often  confused.  The  rapier  is  a  cut-and-thrust  sword  so  far 
modified  as  to  be  used  chiefly  for  pointing,  hut  not  to  the  complete 
exclusion  of  the  odgc.  The  duelling  sword  is  a  weapon  made,  and 
capable  of  being  n^d,  for  pointing  only.  Such  a  ctjustructiun  would 
be  naturally  lirat  afipHed  to  the  dagger,  as  its  cutting  edges  could 
never  bo  of  much  offtinsive  service  unless  it  were  of  a  large  and 
clumsy  tyiie.  Cutting  power  being  once  regarded  as  secondary  or 
^perfluous,  the  twoHjdged  blado  is  narrowed  for  convenience  of 
earriage,  perhaps  also  of  eoncealiueut„  until  thickening  becomes  nocos- 
sary  to  make  it  strong  enough.  This  reinforcement  may  be  eflSBet«d 
by  a  ridge  on  either  side  of  the  bbido,  or  by  a  lidge  on  one  side  only, 
tt^hich  soon  becomes  much  or  a^  little  of  an  edge  as  the  original 
ind  now  degraded  edges  of  tho  blade.  From  the  narrow  two-etlged 
Idadti  etmgtbetiod  by  a  single  *^  median  ridge  "  we  get  a  purt^ly 
tlmistijig  blade  of  triangular  section,  or  on  approximately  buyonut- 
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Bliftpefl  blade  as  we  ahould  now  call  ft.  From  the  blade  with  a  double 
modifiii  ridge "  we  get  a  blade  of  qtiadrangalar  section,  not  oorre- 
spouding  to  anything  now  in  familiar  Ufle.  Both  the  three-edgod  atid 
the  foiir-odgod  shapo  occur  amoitg  mediieval  daggers ;  they  are  alao 
fonnd,  though  exceptionally,  in  Indian  specimens.  It  ib  difficult  to 
say  when  they  were  introduced.  We  have  a  distinct  record  of  three- 
edged  swords  or  long  daggers  having  been  employed  at  the  battle  oa 
Eovines  (a-».  1214) ;  they  are  specially  described  by  the  chronicler  as 
a  novelty.'  But  no  emmple  of  bo  early  a  date  appears  to  be  either 
preserved  or  figiired  anywhere  ;  and  it  was  as  nearly  as  possible  fin 
tenturtea  afterwards  that  the  bayonet-fihaped  small-sword  prevail:!' 
over  the  rapier.  It  is  worth  noticing  that  some  of  the  Scottish  broad* 
swords  of  the  late  seventeenth  and  early  eightoenth  centuries  have  ft 
median  ridge"  so  strongly  marked  as  to  make  them  almost  Lhreo- 
edged* 

As  for  the  two-edged  rapier,  its  parentage  is  obvions*  It  is  the 
military  Bword  of  all  work,  in  the  form  it  hod  assnmed  in  the  first 
half  of  the  sixteenth  century,  lengthened,  narrowed,  and  more  finely 
pointed,+  The  interesting  question  is,  what  led  to  the  ujsc  of  the 
point  being  studied  and  developed  at  that  particular  time.  It  may 
seem  a  paradox  to  say  that  the  art  of  fencing  is  due  to  the^iuventiott 
of  gunpowder  \  but  I  believe  it  to  be  true.  So  long  as  the  body  was 
protected  by  anaoUTj  there  was  m  neceesity  and  tio  scope  for  fine 
swordfimauBhip.  Hard  hitting  wart  the  only  kind  of  attack  worth  cnl ti- 
lting. Fire-arms,  however,  made  armour  not  only  of  lose  value,  but 
at  short  ranges  a  eourco  of  positive  danger,  just  as  nowadays,  when 
the  side  of  an  ironclad  is  once  penetrated  by  shot,  the  eplinters  mikke 
mutters  worHc  than  if  there  had  been  no  reBistance  at  all.  Armour 
being  abandoned  as  worse  than  nsclesa  against  fi.re-arms,  it  became 
needful  to  resort  to  skill  instead  of  mechanical  protection  for  defence 
Rgain&t  cold  steel  at  close  quarters.  Various  experiments  were  tried ; 
the  shield  was  reducetl  in  dimensions  to  make  it  more  manageable, 
and  in  England  sword  and  buckler  play,  which  had  long  been  a 
favourite  national  pastime,  still  had,  at  the  very  end  of  the  sixteenth 
century,  its  zealous  advocates  againBt  the  new-fangled  rapier.  But 
the  point,  of  no  avail  afjainst  ctmplete  armour,  soon  manifested  ite 
superior  power  when  this  barrier  was  removed.    I'here  is  some  ob- 


*  ^Guillelmi  Amoiid  liber '  COaLltanme  k  Breton),  anno  1214,  §  193  (p.  2S3 
of  ed,  l>SS2t  pnbliabed  hy  the  6ocidt(<  do  I'ljidtolre  da  France^— ...  Auto 
cnalfit  ipfftuB  regu  oociditar  Stephatitia  di)  Longo  Campo,  miles  pnibaa  et  fkd^i 
integwj,  oultello  rL-cepIo  in  capite  per  ofulnTiium  giil«5.  Hosles  euim  quodam 
g^aere  nrmnrum  utdmntiir  ndmirabili  et  bacteima  inaudito:  hubebant  enim  cnl' 
teUiMt  longosi,  gnadiles,  triacum-iiies^  qmii^t  acwnitu!  indi^ctrnter  sccantes  a  euj^'(£f 
m'fiie  ad  manubnutn^  quibufi  utebantur  pro  gladila.  Se<l  per  Dei  adjutorinm  pp&- 
VKlncrtmt  glfl/lii  Fraiicorum,"  &o, 

t  It  baa  boin  fluid  that  th^g  rapier  and  iU  distinctive  mftnac'r  of  xme  were 
deriT<?<i  from  an  elonjifTited  daggitt  employed  for  piercing  the  joiuta  of  plale 
armour ;  but  I  bave  met  with  Dothing  to  support  thia  view. 
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scurity  »lsout  tbe  local  origin  of  tbo  rapier  and  of  foncmg.  A  credibla 
tTadition  refers  it  to  SpBrio,  whence  it  was  ira ported  into  Italy  by  the 
Spanish  armies  early  in  the  dxt^nth  oentury.  The  finest  old  rapiers 
are  Spaukb,  and  there  ie  mention  of  very  early  Spanish  books  on  the 
fiobject,  which,  however,  do  not  aeem  to  be  eitant.* 

From  Italy  the  fa&hion  came  into  France  and  England,  and  epread 
apace,  not  without  grumbling  from  the  older  sort  of  gentlemen  and 
aoldiera,  of  which  the  echoee  are  yet  audiblo  to  us  in  sundry  passages 
of  Shakespeare.  At  some  time  between  1670  and  1580  the  rapier  be- 
came the  favourito  companion  of  the  esquisites  of  London.  "  Shortly 
after  (the  twelfth  or  thirteenth  year  of  Queen  Eliziaboth),"  says 
HoweSf  the  con  tinner  of  S  tow's  *  Annals^*  *'  began  long  tucks^  and 
long  rapiers,  and  he  was  held  the  greatest  gallant,  that  had  the  deepest 
rnff  and  longest  rapier:  the  olTence  to  the  eye  of  the  one,  and  the 
hurt  unto  the  life  of  the  subject  that  came  by  the  other,  caused  her 
Majesty  to  make  proclamation  against  them  both,  and  to  place  selected 
graTc  citizens  at  eyery  gato  to  cut  the  ruSb  and  break  the  rapiers* 
points  of  all  pasBengers  that  exceeded  a  yard  in  length  of  their 
rapiers,  and  a  nail  of  a  yard  in  depth  of  their  ruffs,"  A  later  writer 
fixes  the  date  of  this  proclamation  to  1586,  and  adds  that  it  forbad 
rapiera  to  be  "  carried,  as  they  had  been  before,  upwards  in  a  hectoring 
manner,"  but  says  nothing  of  the  rufis.|  In  1694-5  two  EngUeh 
treatises  appeared  on  the  new  art  of  fence,  one  translated  &om  the 
Itiilian  of  Giacomo  di  Grassi,  the  other  the  work  of  Vincentio  SavioloJ 
an  Italian  loastcr  estftblished  in  England.  The  translator  of  Grass! 
tells  UB  in  his  Advertisement  to  the  Reader,^'  that  "  the  sword  and 
buckler  fight  was  long  while  allowed  in  England  (and  yet  practice 
in  aU  sorts  of  weapons  is  praiseworthy),  hut  now  being  laid  down, 
tbe  Bword^  but  with  serving-meu,  m  not  much  regarded,!  a^d  the 


*  See  Niool«o  Anlonlo,  *  BihL  Hissrmnn  Vttug,'  torn.  2,  p.  305,  and  '  BibI,  Hia- 
nana  No*a/  torn.  1,  p.  468,  and  torn,  2;  57,  wlio  naniea  two  Spanish  authore, 
Jaothua  or  Jsume  Tosm  (or  Fona)  of  Perpignan,  an<I  Petrti^  do  Turn,  as  baring 
written  in  1474.  He  doet  not  profess  to  hm  seen  tbeii  book«,  but  giwen  as  ijii 
authority  a  work  of  hnin  Faebeoo  de  "S&rvA^t  Eiualki  y  detCMn-^niiio  de  loa 
eiToivA,  quti  so  an  quendo  introduiiir  en  la  destrezade  las  aima«,'  Madrid,  I635X 
whicb  I  hitve  Dot  been  able  |o  oouBult.  Tbe  iame  names  are  given  by  Mf>riiio«tti 
PallnTidni,  u  Bicilbui  author  of  the  late  ieTcfflteenth  ocatury»  but  wit!  i  out  my 
refiereuce. 

t  Stow.  *Anni8Ja,'  oontiDned  by  Etlmdnd  Howe^,  Lond.  1614^  p.  ge9:  'Surrey 
of  Loftdon,*  ed*  1755,  vol  ii  p.  543  (in  Stryp's  udditionul  matter),  Suoha  procla- 
■aHoii  WHt  Mooidio^  ti>  m<>(tcm  ideasu  quito  illog^al :  but  uiuch  else  t>f  tlie  «ami;i 
kind       aequieical  iti  ull  throtii^h  KLizAheth'B  tai^. 

X  There  in  n  aocond  b«»ok  of  this  troatiBe  ft  itlj  a  separate  title^pa^  *0f 
bonar  and  honnmblu  quarrDlti,*  fluppotted  by  Wurburton  to  bo  alludtMl  to  in  Touch* 
utt^ne'A  expoeition  of  liiu  liu  sevon  tim&s  removes  I.  I  caonot  think  this  at  all 
c«*rtairi ;  tlie  coinci  leuee  of  tnattcr  is  not  T^^ry  clomt  and  It  appeal?  from  Saviotu 
that  ntht  r  b<»fka  of  the  kind  were  iti  ©iiiit«nce. 

§  Cf.  Fl-  rio,  'Firrft  FruiU'  (1573j»  eited  by  Mahme  on  'Kinc-Henfy  IV.^ 
Pan  act  L  sc.  3,  where  the  bticlder  im  galled  a  downbhf  dastardly  wcapou, 
aiid  no%  til  for  a  gentbDoau.'' 
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rapier  figbt  geEorally  allowed,  as  &  wenpoii  becatise  moat  perilous, 
tberefora  most  feared^  and  tlierei^pon  private  qnarrelg  and  commoa 
frays  most  sliimtied."  Oii  tbe  other  baud,  some  partifanis  of  the  old 
Bword  and  buckler  play  maintained  ite  excellence  oa  the  express 
ground  that  men  Bkilled  in  it  might  fight  as  king  as  they  pleased 
without  hurting  one  another;  and  others  fJ enounced  the  rapier  m 
"that  mi^chicvuus  and  imperfect  weapon  which  serves  t*i  kill  uar 
frieniiis  in  peace,  hat  caimot  much  hnrt  onr  foes  in  war**  (Geoi^ge 
Silver,  *  Paradoses  of  Defence/  1699),  But  they  were  soon  dis- 
comtited.  lu  1617  wo  find  cue  Joseph  Swetuam,  a  garruLjua  and  not 
original  author^  declaring  that  the  short  sword  or  back-sword  { a  &taat 
6 word  so  called  from  having  only  one  edge)  is  against  tbe  rapier 
**  little  better  than  a  toliacco  pipe  or  a  fox  tail."  We  roust  not  Bup- 
pose  tliat  tlie  rapier  fight  of  the  isisteenth  centTXry  resembled  modem 
fenciijg.  It  WAS  the  commoner  practice  to  hold  a  dagger  in  the  left 
baud  for  parrying ;  tlds,  by  the  way,  has  an  odd  atialugy  in  Cliin&, 
where  inetrumcnts  like  blnut  skevrers  are  used  for  the  i^aiiie  purpose. 
And  not  only  did  tbe  use  of  the  dagger,  or  in  its  abeonce  of  the 
gauntlcted  left  hand,  make  the  conditions  different  from  tboao  of  tho 
modem  fencing-ecbool,  but  the  principles  and  methods  were  ub  jct 
cruile  aud  unformed.  The  fenciug-match  in  *  Hamlet*  is  no  w  pr«^nt«d 
according  to  tho  modem  fashion,  and  Dumas  and  Gantier,  both  of 
whom  knew  tho  histtiric  truth  well  enough^  freely  introduce  the 
modern  terms  and  rulea  into  the  single  c*imbats  of  their  uovele.  In 
each  Qnse  this  course  is  justified  by  artistic  neressity.  But  if  w©  look 
to  the  eagravings  lu  Saviolo  or  Gmssi,  we  shall  find  that  Haxulei  ami 
Laertes,  when  the  play  was  a  novelty  at  the  Globe  Theatre,  stood  at 
what  would  now  be  thought  an  absui\Uy  short  distance  (for  tlie  lungs, 
or  delivery  of  tho  thrust  by  a  swift  forward  movement  of  tlio  right 
foot  and  body,  with  the  left  foot  as  a  fixed  point,  was  not  yet  invontt^), 
with  tlieir  sword-hands  down  at  their  knees,  the  points  of  their  rapiers 
directed  not  to  the  breast  but  to  the  face  of  the  adversary*  and  tlieir 
left  hands  held  up  iu  front  of  the  shouldtr  in  a  singularly  awkward 
attitude.  A  gi'eat  objtict  was  Ui  seize  the  adversary's  h word-hilt  with 
the  left  hand;  and  this  pcrhapR  esplains  the  ''scuffling*'  in  whicli 
Hamlet  aud  Laertes  change  foils— a  thing  barely  possible  hi  a 
fencing-match  of  the  present  day.  An  iucidental  illuntration  of  the 
part  of  the  left  hand  m  defeace  given  in  *  Borneo  tmd  Juliet^'  where 
it  is  related  that  Mercutio 

**  with  one*  hand  hpata 
Gotd  rigutli  nsiite,  and  witU  the  othur  sumlU 
It  haek  fo  1'ylwtlt.'' 

The  daie!  with  rapier  aud  dagger  had  particular  rules  of  its  own  ; 
tho  handling  of  a  '*  case  of  raj»iera  "  (that  is,  a  rapier  in  either  band) 
was  also  taught^  but,  one  would  think,  only  for  display. 

During  this  period  tbe  use  of  the  edge  was  combined  witb  thai  <rf 
tho  point,  but  tho  point  was  prefoiTod.    "  To  tidl  tho  truth,*'  mj% 
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Saviolo,  **I  would  not  adviec  anj  friend  of  miuej  if  Le  were  to  fight 
for  his  credit  and  life,  to  strike  neither  mandrittaB  nor  riversus  (tbo 
tcichnical  namea  of  direct  and  back-handed  cuts),  **  b*;cau&o  he  piita 
LiniBi  If  in  dauger  of  his  life  ;  for  to  a£e  the  point  is  more  ready,  and 
etpends  not  the  like  time."  In  the  books  of  the  geventeeuth  eeuturj 
Ihe  instructions  for  n^iiiKlrittas  and  riverBas  disappear  acc^rtlinglj, 
and  at  the  beginning  of  the  eighteenth  we  find  the  small-sword  in 
©iiBtt^nce  and  the  rapier  gradually  giving  place  to  it.  Experiments 
Siad  already  been  made  with  thrusting  blades  of  ti'iangular  i>r  quad- 
rangular section ;  at  least,  fipecimeuH  of  B«ch,  ascribed  to  the  early 
seven  teen  111  or  even  the  end  of  the  sixteenth  century,  may  be  seen  in 
tnuseuniB«  In  aoine  uf  these  caBe%  however,  one  would  like  k>  a^tT- 
t&in  that  a  more  recent  blade  has  not  been  mounted  in  a  hilt  of  the 
pcsriod  attributed  to  the  weapon.  Be  that  as  it  may,  the  fitnall-a^vord 
completely  prevailed  over  the  two-edged  rapier  sotue  time  about  1715. 
At  the  Bame  time  that  the  form  of  the  blade  was  changeil,  its  length, 
which  had  been  eiceflsivo,  was  reduced  to  a  handier  and  not  less 
elfuctive  compass.  A  sword  SG  inches  long  was  reckoned  short  at 
the  beginning  of  the  seventeenth  century,  and  some  rapiers  extend  to 
fuor  feet  and  more*  Tho  fitimdard  length  of  the  modem  small-sword 
and  its  representative  for  fencing  purposes,  tho  foil,  is  frttm  32 
to  B4  inches  only.  Sir  WUliom  Hojjc,  of  Ediuburgh,  writing  in 
1692,  considers  tiirecHiuarters  of  un  ell  to  be  "  an  indifferent  good 
length,"  that  is,  neither  too  lon^r,  which  would  be  mihandsome  (i.  e. 
onh&ndy  or  clumsy),  nor  too  short,  which  would  be  very  incon- 
veuient  :  taking  the  ell  at  45  inches,  this  cornea  very  near  the 
present  meo^nre.  As  regard  a  the  mountLng  and  guard  also,  there  was 
a  marked  retmn  to  simplicity.  The  elaborate  work  of  the  Spanish 
lapier-hilts  disappearSj  to  be  replaced  by  a  plain  shell  guard  for  th© 
duelling  swortl,  aud  a  very  light  Lilt,  capable,  however,  of  much 
dticuratifin  if  desired,  fur  the  walking-sword  which  every  gentleman 
habitually  wore  uiitil  near  the  end  of  the  last  century.  Meanwhile 
the  art  of  fencing  mivle  rapid  progress,  and  may  be  said  to  have  heen 
filed  in  eiih8tttncL+  upon  its  modern  lines  by  1760  or  thereabouts,  'lo 
give  «n  acooimt  of  its  dcrelopmeut  before  aud  since  that  time  would 
tttquiiie  not  a  part  of  a  diseourse,  nor  a  whide  discourse,  but  a  book. 
Smch  a  book,  strange  to  say,  does  not  yet  exist,  not  even  in  France, 
the  chief  seat  of  the  art  ever  since  the  firtit  half  of  the  Bcvonteuuth 
eentary,  when  the  supremacy  pasaed  to  her  from  Italy.  The  lunge 
bad^  indeed,  been  taught  and  tig u rod  by  Italian  masters ;  but  the 
riposte,  which  is  the  very  life  of  modern  fencing  as  a  system  of  com- 
binad  defence  and  o£Ebnce,  is  undoubtedly  a  French  invention.  All 
the  modem  authorities  of  much  value  are  either  French  or  opeuly 
founded  on  the  French  school;  there  exists,  however,  a  distinct 
Itallftn  Bohool,  which  still  keeps  up  a  shadow  of  the  older  rapier  play. 

One  is  tempted  in  tbe  various  forms  anil  uses  o£  the  sword  to  see 
a  reflection  of  tbe  general  temper,  and  oven  the  tastes  and  style  of  the 
ige.    Tho  sword  of  each  perioil  eoetns  fitted  by  no  mere  accident  to 


tlio  gentlomen,  both  echolars  and  soldiers^  like  Bassanio,  wlio  wore 
and  bandied  it.  Tho  long  mpier,  with  its  quilloiiB  and  cunningly 
wrought  metal-work,  aud  Bomowhat  rigid  hand-bold^  is  r  kind  of 
visible  imftg©  of  the  stately  aud  involved  i>eriodB  of  Elizabethan  jiroBe. 
I  can  per&Uflde  myself  that  it  was  not  in  tho  nature  of  thingB  for 
Sidney  or  Ealeigh  to  be  otherwifle  Hvmed.  When  we  come  to  the 
great  forerunners  of  modern  EDglifib,  Hobbee  {^ho  has  in  nowise  for* 
gotten  to  put  a  sword  in  the  right  hand  of  tho  mystical  figtire 
representing  the  might  of  the  State  in  the  frontispiece  to  hia 
'  Leviathan ')  sconis  to  wield  an  Andrea  Ferara,  sueh  a  blade  and  so 
mounted  as  Cromwell's,  dealing  nimbly  and  shrewdly  with  both  edge 
and  point.  And  in  the  extjuisite  dialectic  of  Berkeley  and  Hunie,  as 
clear  and  gracxjfnl  as  it  is  subtle,  and  without  a  euperfluona  word,  we 
surely  have  the  true  connterpart  of  the  finished  play  of  the  aniall- 
sword,  tho  perfection  of  single  combat.  Warfare  is  on  a  grander 
scale  novv^  the  controversies  of  philosophers  aa  well  as  the  cainpafgng 
of  generals.  There  are  modem  philosophical  arguments  which 
profess  to  bo  more  weighty,  as  they  are  certainly  more  voluniinons, 
than  Hume's  or  Berkeley's,  and  which  remind  one  not  of  an  assault 
betw*een  two  strong  aud  supple  fencers  in  which  every  movement  can 
be  followed,  but  of  a  modern  field-day,  where  there  is  much  hurrying 
to  and  fro,  much  din,  dust^  and  smoke,  and  extreme  difficulty  in 
discovering  what  is  really  going  on. 

But  our  story  is  not  fully  done.  At  the  same  time^  or  almost  the 
Bame  time,  with  the  flroall-BWord  there  came  in  an  ofishoot  of  this 
class  of  weapons  which  has  a  curious  little  history  of  its  own,  namely 
the  bayonet,  a  modified  dagger  in  its  immediate  origin,  but  influenced 
in  its  settled  ordinary  form  by  the  small-sword,  and  by  the  sabre 
and  yataghan  in  various  experimental  forms  which  have  ended  in  the 
sword-bayonet  largely  used  in  Continental  services,  and  to  some 
extent  in  our  own.  There  is  a  new  French  pattern  of  this  weapon  in 
which  the  yataghan  curve  is  abandoned ;  though  quite  straight,  it 
still  has  only  one  edge.  It  seem  a  a  considerable  improvement  on  the 
shape  which  we  have  copied  from  an  older  French  model.  There 
have  been  some  rather  pretentions  writings  in  Prance  and  el^where 
about  the  reduction  of  bayonet  practice  to  a  system  ;  I  am  inclined  te 
think  that  a  man  who  knows  how  to  nse  the  point  of  a  sword  (the 
necessary  foundation  of  aU  skill  in  hand- weapons)  will  very  soon 
leani  what  the  bayonet  is  and  is  not  capable  of, 

A  word  is  also  duo  to  the  modem  military  sabre.  This,  broadly 
speaking,  is  a  continuation  of  the  straight  Europeim  military  sword 
of  the  siiiteenth  century,  lengthened  and  lightened  after  the  example 
of  the  rapier^  but  otie^dged  instead  of  two-edged  (  which,  according 
to  the  French  authorities,  is  the  decisive  mark  of  mhreas  distinguished 
from  Spee)y  and  in  many  oises  more  or  less  curved  after  the  fa^ion  of 
the  Eastern  sworda.  Meanwhile,  tho  long  straight  sword  has  thrown 
out  a  most  eccentric  development,  or  even  "  sport,"  in  the  shape  of 
the  German  Schlagcr  with  which  students'  duels  are  fonght.  Thii 
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Is  too  remotely  connected  witli  the  main  part  of  the  subject  to  be 
dwelt  upon  bero ;  the  duels  in  quBBtion,  for  the  rest,  bave  been  often 
«jd  pretty  recently  described  by  Eoglieli  observers.  The  rapier  and 
the  small -6 word  are  weapons  of  eingl©  combat,  not  of  general  military 
nae  ;  the  small -sword  h  too  fragile,  the  rapier  both  too  fragile  ftod  too 
long,  for  a  soblier's  convenience-  It  is  true  that  it  was  proposed  by  no 
less  an  authority  than  Marshal  Saxe  to  arm  cavalry  with  long  bayonet- 
shaped  swords,  and  his  opinion  haR  been  followed  by  at  least  one 
modern  writen  But  it  is  founded  on  the  erroneous  notion  that  a  good 
cutting  sabre  cannot  have  a  good  point,  and  therefore  either  the  edge 
or  the  point  must  bo  wholly  Gacrificed :  a  notion  which  has  so  far 
prevailed  that  late  in  the  eighteenth  century  an  excessively  curved 
light  cavalry  eabro  (apparently  copied  with  cloed  fidelity  from  an 
Indian  model)  was  introdaced  thronghout  the  armies  of  Euroj>e.  It 
was  the  wea|>on  of  our  light  dragoons  all  through  the  Peninsular  and 
Waierloo  ^umpaignSj  and  effective  for  cutting,  but  almost  or  quite 
ii§el€«s  for  pointing.  Even  now  there  reTnains  a  certain  difference  in 
most  services  betweon  the  shape  of  the  light  and  the  hea^y  cavalry 
8 words,  the  beavy  cavalry  sword  being  straigbter,  or  sometimes  per- 
fectly straight.  But  it  is  pretty  well  understood  by  this  time  that 
one  and  the  same  sword  can  be  made,  though  not  bo  perfect  fop 
thru  sting  as  the  duelling  sword,  nor  so  powerful  for  cutting  as  an 
ludian  talw^ar  or  the  old  di*agoon  sabre,  yet  a  very  sufficient  weapon 
for  both  purposes.  A  blade  of  moderate  length,  not  too  broad,  and 
lightened  by  one  or  raore  grooves  rnnniug  nearly  from  hilt  to  point, 
m*y  be  shaped  with  a  curve  too  sliglit  to  interfere  gravely  with  tha 
use  of  the  point,  yet  sensible  enough  to  make  a  difference  In  favour 
of  the  edge*    This  plan  is  now  generally  followed. 

The  use  of  the  edge,  after  being  unduly  neglected  in  consequence 
trf  the  startling  effectiveness  of  the  rapier-point,  has  also  been  more 
carefully  studied  in  modern  times.  Closely  connected  with  the  error 
just  now  mentioned,  that  the  same  blade  cannot  be  good  for  both 
cuttiuff  or  thrusting,  is  an  equally  erroneous  helief  that  a  cut  cannot 
he  deliver*^!  with  sufficient  force  except  by  eipoaing  one's  whole 
bndy.  The  old  masters  of  lupier-fence  already  knew  better.  What 
says  Graasi  in  the  contcmjwrary  English  version  ?  "  By  my  counsed 
he'  that  would  deliver  an  edge-blow  shall  fetch  no  compass  with  his 
ahoulder,  because  whilst  he  beareth  his  sword  far  off,  he  giveth  time 
to  the  wary  enemy  to  enter  first ;  but  he  shall  only  use  the  compass 
of  the  elbow  and  the  wrist :  which,  as  they  be  most  swift,  so  are  they 
strong  enough  if  they  bo  orderly  handled."  This  is  exactly  what 
the  best  modern  teacbera  say.  Though  eabro-play  cannot  rival  the 
t^nementa  of  the  lighter  and  more  subtle  small-sword,  there  is 
much  more  science  in  it  than  would  be  supposed  by  any  one  not 
seqitainted  with  the  matter ;  and  it  may  easily  be  seen  that  a  pair  of 
single-ettok  players  who  have  learnt  from  a  good  master  do,  in  fact, 
expose  themselves  wonderfully  little.  Nor  is  it  easy  to  say  on  which 
side  the  advantage  ought  to  be  in  a  combat  between  foil  and  sabre, 
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the  players  being  of  fairly  equal  skill,  and  each  acqnamted  with  the 
use  of  both  weapons. 

My  final  woi^,  albeit  it  sayonr  of  egotism,  shall  be  one  of  practical 
testimony  and  counsel  to  a  generation  of  stndents.  I  must  add  my 
voice  to  those  of  a  long  chain  of  anthorities,  medical  and  other,  to 
bear  witness  that  the  exercise  of  arms,  whether  in  the  school  of  the 
small-sword,  or  in  the  practice,  more  congenial,  perhaps,  to  the 
English  nature,  of  the  sturdier  sabre,  is  the  most  admirable  of  regular 
correctives  for  the  ill  habits  of  a  sedentary  life.  It  is  as  true  nov 
as  when  George  Silver  wrote  it  under  Queen  Elizabeth,  that  ''the 
exercising  of  weapons  putteth  away  aches,  griefs,  and  diseases,  it 
increaseth  strength  and  sharpeneth  the  wits,  it  giveth  a  perfect 
judgment,  it  expelleth  melancholy,  choleric  and  evil  conceits,  it 
keepeth  a  man  in  breath,  perfect  h^th,  and  long  life." 

[F.P.] 
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GENEEAL  MONTHLY  MEETING, 

Monday,  June  4,  1883. 

Gkoros  Busk,  Esq.  P.R.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

George  Claudius  Ash,  Esq. 
Henry  Swainson  Cowper,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  Managers  reported  that  they  had  ro-appointed  Professor 
James  Dewar,  M.A.  F.R.S.  as  Fullorian  Professor  of  Chemistry. 

The  Presents  received  since  the  last  Meeting  were  laid  on  tho 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FB03f 

The  &fcretary  of  State  for  India — Lists  of  the  Antiquarian  Remains  in  Madms. 
By  K.  S.rwell.   Vol.  I.   4to.  1882. 
Acctiunt  <»f  the  Great  Trigonometrical  Survey  of  India.   Vols.  VH.  and  VIII. 
4to.  1882. 

Aecademia  dei  Lincei\  Reale,  Roma — Atti,  Serie  Tei*za.  Vol.  VII.  Faac.  7, 8, 9, 10. 
4to.  1883. 

Agricntturtd  Society  of  England,  Royal — Journal,  Second  Series,  Vol.  XIX.  Part  1. 
8vo.  1883. 

Antiquaries^  Society  o/— Proceedings,  Second  Series,  Vol.  IX.  No.  1.   8vo.  1883. 

Asiatic  Soriety,  fioyo/— Journal,  Vol.  XV.  Part  2.    8vo.  1883. 

Asiatic  Society  of  Bengal— ProceediDgs^  No.  1.    8vo.  1883. 

Attronamical  Society^  i^oyai-r-Monthly  Notices,  Vol.  XLIII.  No.  6.    8vo.  1883. 

Ateneo  FcneYo— Rivista  Mensile.    Serie  IV.  Nob.  1,  5,  6,  7 ;  Serie  V.  VI.  and  VIL 

Noe.  1,  2,  3.   8vo.   Venezia.  1881-3. 
Bankers,  Institvie  ©/—Journal,  Vol.  IV.  Part  6.    8vo.  1883. 
British  Architects,  Royal  Institute  ©/—Proceedings,  1882-3,  Nos.  14,  15.  4to. 
Chemical  Society— J omnal  for  May,  188S.  8vo. 
Editors — American  Journal  of  Science  for  May,  1883.  8yo. 

Aniilyst  for  May,  1883.  8vo. 

Athenaeum  for  May,  1883.  4to. 

Chemical  News  for  May,  1883.  4to. 

Eni:ineer  for  May,  1883.  foL 

Ilorological  Journal  for  May,  1883.  8vo. 

Iron  fi)r  May,  1883.  4to. 

Nature  for  May,  1883.  4to. 

Reme  Scientifique  and  Revue  Politique  et  Litt^raire  for  May,  1883.  4to. 
Tele^n^pbic  Journal  for  May,  1883.  fol. 
Franklin  Institute— Journal,  No.  689.   8vo.  1883. 

Geographical  Society,  Royal — Pnnjeedings,  New  Series,  Vol.  V.  No.  5.  8vo.  1883. 
GeoUigical  InslitvU,  Imperial,  Fienna— Jahrbuoh,  Band  XXXIII.  No.  1.  8vo. 
1883. 

Verbandlangen,  Nos.  1-C.   8vo.  1883. 
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Oeologiedl  Society— AhstmoU  of  Prooeediniics,  1882-3,  Nob.  438,  430.  8?o. 

Quarterly  Joomal,  No.  154.  8yo.  1883. 
GM^«cAa/e      Xrs<0,  TTien— MediziniKhe  J'ahrbnchrr.   Heft  1.   8vo.  1883. 
Johns  Hopkifu  Univenity — American  Journal  of  Philolofirj,  No.  13.   8to.  1883. 

Amerioim  Chemical  Journal,  Vol.  V.  No.  1.   8vo.  1883. 

University  Circulars,  No.  22.  4  to.  1883. 
Lithon^  Sociedade  de  GM^pft/a— Bulletin,  3*  Serie.  No.  8.   8vo.  1882. 
Manche$ter  Geological  Society— Tn.nsactionB,  Vol.  XVII.  Part  7.   8to.  1883. 
Meteorological  Office — Communications  from  the  International  Polar  CommLsion, 
Part  4.   4to.  1888. 

Quarterly  Weather  ReTOrt,  1880.   fol.  1888. 

Rainfall  Tables  of  the  British  Isles  for  1866-1880.  Compiled  by  G.  J.  Syroons. 
8yo.  1883. 

Meteorological  Sbcte<y— Instructions  for  the  Observation  of  Phenological  Phe- 
nomena.  8vo.  1883. 

Morris,  Bev.  F.  0.,  B.A.  (the  AtUhor)— AW  the  Articles  of  the  Darwin  Faith.  8vo. 
1882. 

Numismatic  Society — Chronicle  and  Journal,  1883,  Part  1.  8vo. 
Pharma4seutical  Society  of  Great  Britain — Journal  May,  1883.  8vo. 
Photographic  Society— Jouma],  New  Series,  Vol.  VII.  Noa.  7.  8.   8vo.  1883. 
Physical  Society  of  London— Proceedings,  Vol.  V.  Part  3.   8vo.  1883. 
Bodwell,  O,  F.  Esq.  (the  Author)  — Eflfecta  of  Heat  on  Certain  Haloid  Compounds 

of  Silver,  &c.   (Phil.  Trans.)   4to.  1882. 
Boyal  Society — Catalogue  of  Scientific  Books  in  the  Library.  Parts  1  and  2.  8vo. 

1881-3. 

Sanitary  Institute  of  Chreat  Sn'inm— Transactions,  Vol.  IV.    8vo.  1883. 
/<eismologirai  Society  of  Jiapon— Transactions,  Vol.  V.   8to.  1883. 
Society  of  Arts  -  Journal,  May,  1883.  8vo. 

Symons,  G.  J.  Esq.  Monthly  Meteorological  Magazine,  May,  1883.  8vo. 

United  Service  Institutiony  Boyal — Journal,  No.  119.   8vo.  1883. 
Vereins  zur  Befthrderung  des  Gewerbfleisses  in  Pretiuen— Verhandlungen,  1883: 
Heft  4.  4to. 

Victoria  Institute— Jowtntk],  Nos.  64,  65.   8vo.  1883. 

TTood,  H.  T.  Esq.  B.A.  (the  Author)— The  Government  Patent  Bill.   (Journal  of 

Society  of  Arts).   8vo.  1883. 
Yorhslnre  Archasological  and  Topographical  Association— JoumBly  Part  29.  8vo. 

1883. 


WEEKLY  EVENING  MEETING, 
Friday,  June  8,  1883. 
Georob  Busk,  Esq.  F.R.S.  Treasnrer  and  Vioe-President,  in  the  Chair. 
Pbofessor  Dewab,  M.A.  F.B.S.  M.B.L 
The  Electric  Arc  and  Chemical  Synthesis* 
(Abstract  deferred.) 
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GEBTERAL  MONTHLY  MEETING, 
Manday,  July  2,  1883. 

8ir  Fkxdkbiok  Follocs,  Bart,  M.A,  Managof  and  Vico-Preaideat, 
in  the  Olrnir, 

J.  6.  Crawford,  Esq. 

were  eleeted  Membefs  of  the  Boya!  tnjaHtutioii* 

The  docease  of  Mr.  William  SpottiBwoodo,  Pies,  B,S.  Manager 
and  Vice-PnisidGDt,  on  June  27th,  wae  aunaunced  from  the  Chair. 

Ill  oonformity  with  Resolutions  passed  by  the  Managers  and 
Members,  a  Snb-Comniittce  of  Managers  mot  this  day  md  paiised  the 
following  Resolutions : — 

Resolved :  That  the  Managers  of  the  Royal  lustitution  desire  to  record 
their  profound  regret  for  the  recent  de&th  of  Mr,  Willi  ait  Sfottis* 
woODEf  who  for  so  many  yeana,  aa  Manager,  I'rciasurer,  or  Secretary, 
rendered  fiuch  eminent  aervices  to  the  Eoynl  In^ititulinn. 

*'  In  him  the  world  has  lost  a  roan  of  the  first  distinction*  While 
bis  own  research es  havo  done  uiucb  to  advano^  the  progress  of 
mathematical  and  pb^Bical  licieuoe,  bia  eticouragemeut  ami  wise 
coimsels  to  other  workers  have  also  been  of  the  Ulmost  Talue.  Aa 
Fresideiit  of  the  Boyal  Boriety  he  has  fulfilled  the  duties  of  bis  high 
office  wilh  oonspicuoua  ability  and  sucoeaa. 

"As  one  of  the  heads  of  the  important  public  establishment,  with 
which  his  family  has  been  long  couDeeted^  it  is  known  that  be 
afforded  an  admirable  ei^ample  of  what  should  be  the  conduct  of  one 
placed  in  a  (lOsitioQ  of  so  much  respoDJsibility  and  authority. 

"His  interest  in  all  that  tends  to  promote  the  general  welfare  of 
humanity  was  equally  remarkable.  No  good  work  of  a  publio 
nature,  which  came  within  the  range  of  his  meaos,  was  ever  allowed 
to  proceed  without  bis  aid  and  sympathy, 

"  His  character  pres«nted  a  remarkable  combination  of  intellectual 
strength  and  fine  moral  qtialitien.  His  jodgmeut  was  unerring,  and 
of  so  discreet  a  kind,  as  to  ensure  for  it  a  deJei^uoe  which  was 
universab  In  private  life  his  kindlraess,  courtesy,  and  general 
culture,  endeanid  him  to  his  friends,  and  engaged  the  regard  of  all 
who  were  m  fortunate  as  to  become  aoqualDted  with  bim* 

Veu  X.    (Ni>.  76.)  2  II 
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**  The  public  tribute  paid  to  the  memory  of  the  late  Premdent  of 
the  "Roj&L  Society,  by  his  interment  in  Westminster  Abbey,  is  a 
striking  proof  of  the  general  esteem  in  which  he  was  held. 

"  It  rests  for  the  Managers  to  express  their  deep  sympathy  with 
Mrs.  Spottiswoode,  and  the  other  members  of  Mr.  Sfottiswoode's 
family,  under  their  heavy  bereavement." 

Resolved :    That  a  Copy  of  this  Besolution  be  forwarded  to  Mrs.  Spottis- 
woode." 

The  Pbebents  receiyed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 

FBOH 

The  CUwemor-General  of  India — G^logioal  Survey  of  India:  PalsBontologia 

Indiwi:  Series  X.  Vol.  U.  Part  5.   4to.  1883. 
The  Lords  of  the  AdmirdUy— Greenwich  Observations  for  1881.   4to.  1883. 
Asiatic  Society  of  Bengal— PToceedrngB,  No.  2.   8vo.  1883. 
Astronomical  Society,  jSoyoZ— Monthly  Notices,  Vol.  XLIII.  No.  7.   8vo.  1883. 
Bankers^  ImtiiuU  ^—Journal,  Vol.  IV.  Part  7.    8vo.  1888. 
British  Architects,  Royal  Institute  ©/—Proceedings,  1882-3,  No.  16.  4to. 
Chemical  Society— J ovanal  for  June,  1883.  8vo. 

Crisp,  Frank,  Esq.  LL.B.  F.LJ3.  &c.  M.R.I.  (the  Editor}— Joxanal  of  the  Boyal 

Microscopical  Society,  Series  II.  Vol.  m.  Part  3.   8vo.  1883. 
Editors — American  Journal  of  Science  for  June,  1883.  8vo. 

Analyst  for  June,  1883.  8vo. 

AtheuaDum  for  June,  1883.  4ta 

Chemical  News  for  June,  1883.  4to. 

Engineer  for  June,  1883.  fol. 

Horological  Journal  for  June,  1883.  8vo. 

Iron  for  June,  1883.  4to. 

Nature  for  June,  1883.  4to. 

Revue  Scientifique  and  Revue  Politique  et  Littdraire  for  June,  1883.  4to. 
Telegraphic  Journal  for  June,  1883.  fol. 
Franklin  Institute— JoumBXy  No.  G90.   8vo.  1883. 

Geographical  Society,  22oyaI— Proceedings,  Now  Series,  Vol.  V.  No.  6.  8vo.  1883. 
Geological  filocidy— Abstracts  of  Proceedings,  1882-3,  Nos.  440,  441.  8vo, 
Johns  Hopkins  University— AmenctkU  Chemical  Journal,  Vol.  V.  No.  2.  8vo.  1883. 
Linnean  Society — Journal,  No.  128.    8vo.  1883. 
Middlesex  Hospital— Be^toris  for  1880.   8vo.  1883. 
Pharmaceutic^  Society  of  Great  Britain — Journal,  June,  1883.  8vo. 
Preus9ische  Akademie  der  Wissenschaflen — Sitzungsberichte,  I.-XXI.  4to.  1883. 
Ramsay,  A.  Esq.  F.GJ3.  {the  iWi<or>— Scientific  Roll,  No.  11.   8vo.  1883. 
Society  of  ilr/«---Joumal,  June,  1883.  8vo. 

St.  Petersbourgy  Acadtmie  dee  Sciences— Bulletins,  Tome  XXVIII.  No.  8.  4to. 
1883. 

Symons,  G.  J.  Esq.  F.        Monthly  Meteorological  Magazine,  June,  1883.  Sro. 
Tasmania  Royal  ^S'oct^— Report  for  1881.    8vo.  1882. 
Telegraph  Engineers,  »)oiety  o/— Journal,  Vol.  XII.  No.  48.   8vo.  1883. 
Vereins  zur  BefOrderung  des  Getoerbjleisses  in  Preussen — Verhandlungen,  1883 : 
Hefts.  4to. 
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GENERAL  MONTHLY  MEETING, 
Mondayj  NoYembor  6,  1883, 

Sir  WnxiAM  BtiMitNS,  D-CX,  LL,1).  F.H,8.  Manager  and 
Vice-Presidont,  in  the  CTiair. 

John  Coles,  Esq. 

Ludwig  Mond,  Esq.  P.C.S. 

were  elected  Members  of  the  Eoyal  InstitutioD. 

William  Miller  Ord,  M.D,  wna  elected  a  Manager  in  the  room  of 
the  late  Mr.  "William  Spottiawoode,  P  Jl-S. 

The  PaissNTa  received  since  the  last  Meeting  were  laid  on  the 
table,  and  tho  thanks  of  the  Members  retnmed  for  the  same,  tiz.  ; — 
Fao3i 

The  Goesmor-Oeneral  of  /ihImi— Geological  Btirref  of  India:  Beoordjt<  Vol, 
XVL  PartH  2,  3.    8vtj.  1883. 
Memoire.   Vol  SXIL    Svo,  1883, 
Thm  BaemUary  of  State  far  India — Atsootmt  of  the  Oreot  Tngonometric&l  Surrej 
of  India.    Vol.  IX,   4to.  1883, 
Collectiuii  of  Fapord  on  Bee- keeping'  in  Indiiu    fol.    Cftkutta*  1883. 
T5te  TnuUeg  of  Urn  BrULUh  itfii*ewin— Catfllogue  of  Birdis*    Volti.  VIL  ttod  Till. 
8m  1883, 

Tim  Mekordogtad  OJSos^Qnarterly  Weather  Report,  1877.    AppeudicGs  and 

Pl&te&   foL  18S3. 
Boxalj  BeodingB,  Fart  4*  18B2.   4to,  1S93, 
Aoademff  &/ NaiuTtsi  8eienet»f  PhUaddphia—FTOtieedin^,  1832  and  1 883.  Part  1. 

are.  1883. 

dBmdemki  dei  Lincet,  Rtaie^  Boma—MemoTie  delta  Gi&sae  dt  Sdien^  Moral!, 
BlorC<^«  e  Faologiche,   Ben©  4^,  YoL  VIIL   4to.  1883. 
Vemorie  della  Claase  di  Scieuze  Fiiiiobe,  Mak^matiofio  a  NatumH.    Vols.  XL 

Xn.  XUI.   4to.  1882-3. 
Atti,  fieri©  Tcrsa :  Tranennti.    Vol.  VII.  FaM.  11,  12,  13,  14,  15.   4to.  1833. 
J^jiwoWfii,  Ifwf  iiw/e  of— Jonmal.    Noa.  128  (Index),  129, 130.   Svo,  1883. 
Jbmeriean  Pbihmphfeal  Sookttj^Ftoc^in^s,  iio.  112^    8vo.  1882. 
dmUqmiriet^  SoeuUu  a/— Procpedings,  Second  Seriea,  VuL  IX.  No.  2,    Sro.  18S3. 

Aiteb^ologia.   Vol.  3EXVI1.  Purt  2.    4to.  1883. 
dtiaiie  £boi«ly,  IKswoJ— JoamiO,  Voi.  XV.  Parte  3,  4.   8to.  1883. 
AMic  BooUiij  of  Bangal-^oTima\,  Vol.  LU.  Part  1,  No.  2.    8m  1883. 

Pftio«dingB,  Noe.  3,  4,  5,  6.   8to.  18Sa 
Attnmmicol  Societif,  lioyrtJ— Monthly  Nolicea,  Vol.  XLIIl.  No.  S.    Svo.  1883. 
AmMndiiin  Mwmm,  ^ydntfj^— Ueport  of  tiie  TrusttMJrt.  iHS±    foL  1883, 

Atan,  E*q.  0he  Author)— Life  Brigades  for  Mining  Di^lriets.   (K  105) 
8vo.  1883. 

Flooda  PreTention  and  Riven  Conservancy  Bill   (K  105)   Svo.  1883. 
Samkif$,  IndihUe  o/-^oi]mal,  Vol.  lY.  Part  8,   8?o.  1883. 
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Bamettj  Sanuon,  Etq.  Jun.— Official  Catalogue  of  the  Engineering  Exhibition, 

London.   8to.   Jnly,  1883. 
Baiavia  Oftwrcotory— Rainfall  in  the  East  Indian  Archipelago,  1882.   By  J.  P. 

Yander  Stok,  the  Director.   8to.    Batavia,  1883. 
Bavarian  Academy  of  Sciences,  i2oya2— Abhandlnngen,  Band  XIY.  2te  Abtheilong. 
.    4to.  1888. 

Meteorolopsche  und  Magnetisohe  Beobachtnngen  be!  Mnnchen,  1881  and  1882. 

8vo.  1882-3. 
Bitzniigsberichte,  1883,  Heft  1  and  2.   8yo.  1883. 
Gedachtnissrede  anf  Otto  Hesse.   Von  G.  Banor.   4to.  1882. 
Belgique  Academic  des  Scienceiy  db.— M^moires,  Tomes  XLIIL  Partie  2,  and  XLIY. 

4to.  1882. 

Me'moires  Couionn^es,  Tomes  XLIV.  and  XLV.   4to.  1882-3. 

 ,  Tomea  XXXI.  XXXIII.  XXXIV.  and  XXXV.   8va  1881-3. 

Bulletina,  3*  Serie,  Tomes  I.-V.   8vo,    1881-3.   Tables  Generalea,  2«  Serie, 
Tomes  XXI.-XL.  (1867-80).   8vo.  1883. 

Aniiuaires,  1882  and  1883.  16to. 
Board  of  Trade  (Standards  Department) — Calculations  of  Densities  and  Expan- 
sions,   fol.  1883. 

Bntith  Architects,  Royal  InttituU  o/— Transactions,  1882-3.   4to.  1883. 

Proceedings,  1882-3,  Nob.  17, 18;  1883-4,  No.  1.  4to. 
Canada  Meteorological  Office— Report,  1881.  8vo. 
Chemical  fiooiWi^— Journal  for  July-Oct.  1883.  8vo. 

Chief  Signal  OiHcer,  U.S.  ^rmy— Annunl  Report,  1880.   2  Parts.   8vo.  1881. 
Ciml  Engineer!!^  Institution— MinutcB  of  Proceedings,  Vol.  LXXIL-LXXIV.  8vo. 
1883. 

List  of  Members.   8yo.  1883. 
Crisp,  Frank,  iJjg.  LL,B.  F.L.8.  Ac.  M.R.I,  (the  ElZttor)— Journal  of  the  Royal 

MicroscopioQ  Society,  Series  II.  Vol.  III.  Parts  4,  5.   8vo.  1883. 
Dax:  Soci^  de  fordo— Bulletins,  2«  Serie  Huitieme  Anne'e:  Trimeatre  2,  8. 
8vo.  1883. 

Department  of  the  Interior,         Compendium  of  the  Tenth  Census  (June  1, 1880). 

2  vols.   8vo.   Washington,  1883. 
Devonshire  Association  for  the  Advancement  of  Science,  Idlerature,  and  Art — Report 

and  Transactions,  Vol.  XV.   8vo.  1883. 
East  India  Association— Journal,  Vol.  XV.  Nos.  2.  3,  4,  5.   8vo.  1883. 
Editors — American  Journal  of  Science  for  July-Oct.  1883.  8to. 

Analyst  for  July-Oct.  1883.  8vo. 

AthensBum  for  July-Oot.  1883.  4to. 

Chemical  News  for  July-Oct.  1883.  4to. 

Engineer  for  July-Oct  1883.  fol. 

Horological  Journal  for  July-Oct  1883.  8yo. 

Iron  for  July-Oct.  1883.  4to. 

Nature  for  July-Oct.  1883.  4to. 

Revue  ScientLnque  and  Revue  Politique  et  Litt^raire  for  July-Oct  1883.  4to. 
Steamship,  Vol.  I.  Nos.  1  to  14.   fol.  1883. 
Telegraphic  Journal  for  July-Oot.  1883.  8vo. 
Ermcusora,  G.  B.  Esq.  (the  Author)^!  Fenomeni  Elettrostatica.    Vol.  L  8m 
Padova,  1882. 

Forster,  Miss  E.  J.  M.B.L—ThQ  Chronicle  of  James  I.  King  of  Arragon.  Trans. 

by  John  Forster.   2  vols.   8vo.  1883. 
IJVanWtn  In*««ute— Journal,  Nos.  691,  692,  693,  694.   8vo.  1883. 
Geneva :  Societd  de  Physique  et  d^Histoire  NatureUe-^emoirea,  Tome  XXVUL 

Partie  1.   4to.  1882-3. 
(Geographical  Society,  i2oya2— Proceedings,  New  Series,  Vol.  V.  Nos.  7  to  10.  8m 

1883. 

Geological  Institute,  Imperial,  Vienna — Jahrbuch,  Band  XXXIII.  Nos.  2,  3.  8m 
1883. 

Verhandluiigen,  Nos.  7-9.   8vo.  1883. 
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G^o^-<kti  5(?r/*f^Abatmcte  of  Proeef  dings,  1832-3,  Not.  440,  44 L  ft™. 

Qimrttflj  JouronU  No.  155.    8vo.  1883. 
G^ehgkat  Sod^y  of  Jre/anrf— JourTinL  Vtil  XYL  Piirt  2.   Sto.  1882, 
Qladttom,!,  M.  E»^,  Fh.D,  M.R.L  ti»*d  4.  Trthe,  Et>q.  ((A*f  AutJiots}—rUa 

Chemistry  of  the  Secondary  Uattcri^a  of  Placite  and  F^uro.  (Kature  Series.) 

J6tDn.  1883. 

Gore,  U.  E^,  LLM.  FM.S,  (the^  AtiShor)^Th&  SmenUfic  Basia  of  Natioaai 

Fnwren,   8?o.  1682, 
Iron  and  ^  InsUtide—Jowma  far  ;8S3,  No.  L    Sto.  1883. 
John*  Ilopkim  Univcnittf — American  Journnl  of  Philology,  No.  14.    8 to,  I8B8L 

AtnenVjin  Cht'mical  Jniirtial,  Vol.  V,  Noa.  3,  4,    8m  ISm. 

Univemtj  CiTLndiim  Nm.  24,  25.    4to.  1H83, 
L$ed»  Phil^}tophiciit  ami  Literari/  So^itfly — RtJpwrt,  18S2-3,  8fO. 
Unnmn  Sodfiy—JouniAl^  Nos.       100,  12^.    8vn,  1^^. 
Idtbm^  Sooitd^  44  GeoorapA^— BuUetiu,  S*  Serie,  Nou.  11,  12 1  and  4«  g^ia, 
1.   8to.  1883. 

Ezped^  Seientiflcn  a  Rerm  da  E^trella  em  1881,   4**,  1883, 
Lunacy  Gtmmiuim^i — Thirty-seventh  Report.    Sto.  1883. 
Msndienter  Omtogicdl  Tmneactionu,  Vol.  XVIL  Parts  8,  9,   8to.  1883. 

Mamiii&i&-  SUajti  U^iri  Amieiatiott—Re^tons,  18R0,  1  SSI,  and  1883,  Sto. 
Maryland  Mtdioal  and  Chirurgiciil  Facu^i^—Tmiij^ttoug^  85th  S^ioti,  Sm 
1883, 

Jfonaralf,  Quheppe^  Stq,  (ihe  Auihory-Thnl  e  Taklatpahiear  U.  Sftlmatjaaar  V, 

E.  SarjEOD  QueBtloni  Bibllco  A^aire.    8to.    Bnpm,  1S82, 
Mayafl,  J.  E.  E«q.  F.C.S.  -af.fl.L—TninaactioftB  of  the  Brightoa  Health  CongFcaa. 

Sto,  18S1. 

JfocAoftuuI  EiuHmen^  Lnttituiwn^Fwcssdin^  Noiu  2,  3,    8to.  1883, 
Medioai  and  dkirurgitsd  Sixn'f  t^—Ttoce&d'mf^  New  Serica,  Ng,  3.    8to.  1883, 
M^eoKitogi'cal  So^chf  ^Quarti^dy  Jmm&l  Nd6.  46,  47.    Svo,  ISSS. 

MeteorologlcaU  Record,  No,  9,    8vo.  18B3. 
Mmtpdtier  Aaadimu  des  Seienee$     det  Lef/rea— Mi5moir69»  Tome  X,  Faeo.  2. 
4to.  1883, 

Mtuieat  iAftcH^taffOr^Pmoeoilinga,  1882-3.    gvo.  1SS3, 

NaMomd  Am>ciatit»i  for  Social  Sct^e—Ftocxwlings,  VnL  X  YI.  No.  5,  8?o.  ]  8S3. 
Nanoay  Soyal  Unlvertitit,  ChriMianta — JnbrbucE  dea  Nurwegi«chen  Meteomlu- 
gi»cbeQ  Iii.>titTit.s  1877-lSSI.    4ta,  187U-S2. 
H.  8i«bke  and  J.  8.  Sehnt^def.    Eaumeratio  Inseatorom  Nonrcigioordin, 
F^wj,  5.    8vo.  1880. 

G,  M.  Guldbej-g  and     Mohn.   Studea  war  lea  MoaremeDta  do  TAtmoiiphero, 
2"  Partie.   4tOL  1880. 

H.  H.  B«iiso1l.    £$iliirfo8iUer  og  Pre^sede  Eonglomemter  I  Bergieiiaakificiae, 
N.  1882. 

T.  Hioftdalil.   £rTffUiUoKm|)hi«k-Cbeniiske  Undentogelier,   4tn.  1881. 
L.  B,  BteneneQ.   Myntfandet      Oia&*i1id  I  TbydaloD.   4to.  1881, 
G.  O,  Sflra.   Appli<stioti  of  Anto^rmphy  m  Zoology.    8vo,  1882, 
XumiMmaUe  ifec/ejij— Chronicle  and  Journal,  18^,  Fart  2,  Sto. 
{km,  liifhaTd,  C.B^  F.L.S.        {the  ^utAor)— EasaTS  on  the  Conario- 

Hypopbjti&l  Tract,  ^c.   8vo.  1^3. 
P^trry,  Bim.  A  J.  F.R^S.  {ihe  AuOujr)-Jl^u\ts  of  Meteorological  and  Maguetioal 

ObsexTationB.  Stony  hurst,  1682.    12nio.  1^3, 
Fharmaeeuiical  Soa^y  of  Great  Briktin — Journal,  July-Oct.  1883,  Sm 
Fhfftoffraphie  Socidj/— Journal,  New  Sories,  Vol.  TIL  No.  9;  YoL  Vm.  No.  I. 
$T0,  1883, 

P^/aloal  SoeMjf  of  loiMfoa—Proceedinga,  Vol.  V.  Part  4.    Sto.  1883. 
FrmmMt  AkademU  der  Wi^uentchnfi^—Sitmmgishenchtc,  XXII.-XXXYII. 
4*0^  lg83. 

Rttmim^  Jama,  Etq,  F.B.8.  M, Samuel  Sharps.    By  P,  W.  CUydfiu.  l2mQ. 
1§83. 

HoUunue  Education.    By  J  A.  Dighy.   Sto.  1882, 
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Rio  de  Janeiro,  Obmrvaloire  Jmp6naZ&— Balletin,  Nob.  5,    7.   fol.  1883. 

Royal  CoBege  of  Surgeons  of  jgnytond— Calendar,   Syo.  18^ 

Royal  Irish  Aeademy—TnnaactUmB,  Vol.  XXym.  Parts  4-13.   4to.  1881-a 

Prooeedings,  Series  XL  Vol.  IL  Parts  3,  4 ;  Vol.  lU.  Parts  7-10.  8yo.  1881-8. 
Royal  Society  of  Lomftm— Proceedings,  Nos.  225,  226.   8vo.  1883. 
Siemms,  Sir  WaUam,  D.C.L.  LLJ).  F.R,8.  M.R.L  (the  Auihory-On  the  Depen- 
dence of  Radiation  on  Temperatare.   (Proo.  Boy.  Soo.)  8to.  1883. 
Beply  to  Mr.  E.  H.  Cook  on  Conseryation  of  Solar  Energy.  (PhiL  Mag.)  8?o. 
1883. 

St.  FUerAourg  Aoadfmie  dee  iSb^moea— M^oires,  Tome  XXXT.  Nos.  1-4.  4to. 
1883. 

Smithionian  Institution,  Washington — Smithsonian  Misoellaneoos  Collections, 
Vols.  XXII.  to  XXVn.   8vo.  1882-3. 
Annual  Report  for  1881.   8yo.  1883. 
Society  for  Psyehieal  JReaeore^Proceedings,  Vol.  I.  Parts  2  and  3.  Bto.  1883. 
Society  of  Arts-^oumaX,  Jxdj~Oot   8m  1883. 

SpraU,  Viee-Admiral  T.A.B.  C.B.  F. R. 8.  de.  (the  Author)— Report  on  Navigaticm 

of  River  Mersey  (1882).   8vo.  1883. 
Statistieal  Society— Joxoub},  VoL  XLVI.  Parts  2,  3.   8vo.  1883. 
Telegraph  Engineers,  Society  o/— Journal,  Vol.  XII.  No.  49.   8vo.  1888. 
ToUdo  university— ^emoin.  No.  5,  Appendix.   4to.  1882. 
United  Service  Institution,  Royd^-JoumAl,  No.  120.   8to.  1883. 
Upsal  University — Bolletin  Mensuel  de  I'Observatoire  Meteorologiqne,  VoL  XIV. 

4to.  1882-3. 

Vereins  zur  Befdrderung  des  Qewerbfleisses  in  Preussen — ^Verhandlongen,  1883: 

Heft  6,  7.  4to. 
Victoria  Institute— JovLTn&l,  No.  66.   8to.  1883. 
Wisconsin  Academy— TTB,ue&ciUma,  Vol.  V.   Syo.  1882. 
Zoological  Society— TrnwactionH,  Vol.  XI.  Parts  8,  9.   4to.  1883. 

Proceedings,  1882,  Part  4 ;  1883,  Parts  1-a  8yo. 

List  of  the  Animals.   8yo.  1883. 


GENERAL  MONTHLY  MEETING, 
Monday,  December  3,  1883. 

Gbobob  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

Henry  Brown,  Esq.  B.A.  Oxon, 
James  Dnncan,  Esq.  F.C.S. 
MTilliam  Thomas  Sugg,  Esq.  C.E. 
Mrs.  Mary  Willis  Tanner, 
Thomas  Tyrer,  Esq.  F.C.S. 

were  elected  Members  of  the  Boyal  Listitation. 

Seven  Candidates  for  Membership  were  proposed  for  election. 

The  decease  of  Sir  William  Siemens,  Manager  and  Vice-President, 
on  November  19th,  was  announced  from  the  Chair. 
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The  following  Rasolntioiij  passed  by  the  ManageTS  at  their  Meeting 
this  day,  was  read : — 

**ln  ih^  ddkth  of  Bit  WtLUAit  Siem^a  the  Eojal  InBtituiion  hw  lost  ui 
emitMwt  member  and  a  generoug  frk^Dd.  The  autcomc)  of  hin  gnmt  practical 
imeiatibM  wm  fnquently  broui^ht  boftno  ub  in  tectttres  delivefed  in  our  theatre ; 
bft  ma  imr  ben^fnctor  iti  pmi^ntin^  in  qb  anpar^ttiH  of  great  value :  while  bin 
VIM  eoimapU  ae,  a  Mniiiiger.  waa  cvor  r^ady  ^hm  the  iiibereata  of  the  loiititutioQ 
rfiqtdffid  it.  He  sbowi?d  hia  venemtion  fur  one  of  it^  Profeesora  by  naming  a 
t«mb1 — a  model  one  of  its  kind — ootiatnicted  under  bia  personal  auperviflion  for 
tke  tranflport  and  lajring  down  of  telegmpbic  rabies,  *  Tue  FaradAj.'  In  evaij' 
thing  he  boncbed,  practical  geniu^i,  guui<'d  by  a  knowledge  at  principL<8  not 
frequent  amDDg^  practical  meo,  wns  iliaplnycd.  In  thu  dDtuains  of  heat,  electricity, 
find  metaUmgy  he  won  his  ehlef  rcnuwnr  And  be  re  tbo  ultimate  ia^uea  of  bu 
labours  are  at  pre&ent  Incaloiili&bta  England,  the  land  of  hii^  afioptirNn,  has  li^ 
llirougb  hi*  dwith  tin  engineer  of  ain^lar  powef,  pqtietratiout  and  maay-^iidednesa. 
The  source  of  the  quality  laat  mentioned,  by  whicb  he  was  ofaan^steTisod,  was, 
firat  of  alln,  inherent  ubility,  Bud^  eecondly,  the  cyjinprehenaiTO  scientiflo  ednoatioa 
which  he  rtMceived  in  the  minariea  and  unirersHiea  of  his  native  l«ud.  He  came 
to  na  thoraughly  equipi^l  with  the  theoretic  knowledge  neccsHary  for  practical 
ends,  and  he  applies  I  that  knowladg^e  ^jnecfffiitrully  in  the  miwi  varic'd  flpberofl  of 
action.  Ad  regtirdti  invention,  be  euiue  of  a  family  to  the  manner  l>nm:  all  bia 
brothc'^t  and  eiipecmlly  his  eldest  brother^  the  celebrated  Dn  Werner  Siemens, 
baring  achievt^d  distinct  Ian  in  applying  tjN?ierico  to  the  use^  of  lif&  WiUiant 
Biemene  waa  a  man  of  the  moat  charming  di^pi^ltion,  gcuial.  kindly,  withotit 
jeycuisy  or  bitlt:mL'tt&,  and  as  a  tintnml  rrHult  be  soured  not  only  the  rvapeot  but 
tlw  warm  affcH^tion  of  those  who  intiiuiitoly  knew  him.  The  Membt  re  who  were 
pment  on  the  occafflon  of  our  Imt  Monthly  Mc^tmg  will  not  retidily  fnrgirt  the 
•aimated  dtwrriptkm  ho  then  gave  us  from  tbo  Chair,  of  a  new  application  of 
itauD  power  whieh  he  had  Ju«<t  men  tri<^d  on  tho  Biver  Bprec*  near  lieriin.  How 
liitie  could  Uhe  fr6Bhiiee«  and  the  vigour  of  tliat  expo&itioD  prepare  hifi  hearerB 
for  the  mt&etTopbe  so  soon  to  follow  1  Among  the  Members  of  the  Boval  Inatitn- 
tton  he  bas  left  nmny  monming  friends,  who  profoundly  sympatbiBo  with  hia 
family  iu  their  great  Der^vemeat,  and  more  especially  with  Lady  EicmoiiA  in 
her  irreparable  lorn** 

The  following  Lectare  AjrangemeiitB  were  announced : — 

pBOfxsscR  Dkwab,  M^.  F,H^,  if,j?.Z— Six  ExpeiitDental  Lc>otaros  (ulapied 
%n  a  Juvviiib  Auditory)  on  Alchc^jt  (id  relation  to  Modern  Soienoe) ;  ou  Dm,  27 
iThursdoy),  Dea  29*  1883 ;  Jan.  I,  a»  5,  K,  im, 

BniKAUi  Stuabt  Poole^  Eiq,  Keeper  of  Coins,  BritUh  Knaeum. — Two 
Leeltma  on  Ths  Iktkrest  Aif d  Uifxrvhsmm  or  tse.  Sttdy  of  CoiJf b  asd  Msdals  ; 
on  Tuettdaym  Jan,  Id,  22, 

EaKST  pAUEB,  iSiq.  Principal  Profeseor  of  the  Pianoforte  at  the  Bfiyal  Collago 
ef  Huatc— Loc<tur«fi  on  Tna  Hlstoky  ant  DEVELOruEiwr  of  the  Mubio  won. 
Tas  PiaROVOKTa  and  rrs  PKKD£CEasoRB  the  Clavecix,  HAitrsti chord,  (with 
M uaical  iUuotniticinff  on  thcw.'  luatrutnonto)  *  on  ThuiTKlays,  Jau.  17  U>  Fah.  2L 

pBOFEasoa  TrtitJALL,  D.CL,  F.B.S.  M.EJ.—Slx  Lee  tuna  on  Trre  Oli»e& 
EuscraiQiTV:  rxa  Poi^uMftNA  and  iNvt^taAtoae ;  oa  Thursday  a,  Feb,  2S  to 
Aprils. 

AaomBAU^  Geekie,  Eaq.  F^.S,  Direotor-Geneml  of  the  Ge>ologii»1  Surr^  of 
the  United  Kitigdom,— Five  LectUJ^e  on  Tiis  Obio>ik  of  the  Scenebt  of  ma 
Bxitiia  laLtt;  on  Tueeflaya,  Jan.  29  to  Feb.  2G. 

PaoranoR  JoBH  G,  McKenchicil,  M.D.  Prof,  Insi.  of  Med.  Unir,  df 

Qlwmr^  fStlkriitii  Prof,  of  Pby»iology»  K,L— Flfo  L©eturf?a  on  Amimal  IUat: 
m  Oai«nf,  DiOTaiatmow,  ai«p  Ej^irLATioF ;  oq  Turadays,  MuTt^h  4  to  April  L 
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PKOPJEfl&on  He^ht  Mh>blet— Six  Lpctnies  on  LtPE  and  LirEttATtrKi  under 
Chables  I. ;  on  Saturdays,  Jatj,  ly  to  Feb.  23. 

Captaij!  W.  de  W.  ABN£ir,  R.E,  P.R.S.  M,SJ.—Bl%  LectiiJcs  on  Fiiotooba- 
™g  Action,  oonwixkreo  as  raji  Work  or  Bai>ut[un  ;  on  Salurdajx  March  1 
to  Ai>ril  5. 

Tlio  Presknts  received  since  the  last  Meeting  were  laid  on  th^ 
table,  and  the  thftnks  of  tho  Morabere  returned  for  the  some,  viz. :  

rsox 

Gmitnmr^eneTal  of  India— Geological  Burvey  of  lD*!iM:  Palseoubrtitigia 
Indioa:  B«^rite  X.  Vol.  II.  Part  4;  Stiriee  XU.  Vol,  IV.  Purt  1 1  BttieB  JCllL 
Vol.  L  Part  %  Faio.  1  aud  2.    4to.  1882-3. 
Moinmre,    Vol.  XIX.  Parts  2,  3,  4.    8vo.  ISm. 
The  Lofdt  of  the  AdmiraUfj — Nanticiil  Almarmo  for  1887.    Sva  1B83, 
The  MeteOToloffimt  Oj^ice—l^narterly  Weitthqr  Rqwrt,  IS7*1»  Pari  2.    fol.  1883. 

AgTieulturul  Socktff  of  Engtand,  iJfl^— Jourual,  Second  Scriea»  Vot  XIX.  Pftrt  * 

tt¥o.  isaa. 

Anatio  ^bd^Cv  of  JSwioa^— Joiirnfll,  Vol.  LIL  Part  2,  No.  1.    8fo.  1883. 
AttrorumioaiSoMifr  ^oj/al — Mootldv  Notices,  Vol.  XLlIL  No.  9  Sup.  8fo. 
Bankera,  ImtltuUs  o/— JouinaK  Vol.  IV.  Part  ».    8vo.  1883. 
Board  of  JVadt— Kefwrt  ou  Wt^igbts  aud  MtaeurGs.    fol.  1883. 
BtitUh  ATrhitcd»,  Eoyal  higtituie.  c/— PpDecedings,  1883-i,  Kos,  2,  3.  4lo. 
Chemical  Society— ^onrvA  fur  Nov.  1SS3.  8^0, 

Be  La  Em,  Warreti,  Esq.  ^.A.  BCX.  F,n.S.  MM  J.  and  Buqo  W,  MmUr,  % 
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PfiOFEseoR  Ttndall,  D*C*L.  LL,D.  F.R.S*  MM,L 
On  (hunt  Bum/ord^  Originator  of  the  Motfal  Ingtituii^* 
(Leoiufes  deliverdd  Bfaj  3,  10,  and  17,  1883.) 

Oh  a  blight  calm  dnj  in  tlie  autumn  of  1872 — that  portion  of  the 
year  ciillod.  I  bc?lievo,  in  America  the  Indian  summer — I  mtulo  a 
pilgrimage  to  tho  modest  birthplace  of  Count  Kumford,  the  originator 
of  the  Royal  Institution.  My  guide  on  the  occasion  was  Dr.  George 
Ellis  of  BostonH.  and  a  more  competent  gnido  I  could  not  posaibly 
have  bad.  To  Dr,  Ellis  the  Ajneriean  Acwiemj  of  Arts  and  ScienceB 
had  comraitteti  the  task  of  wTiting  a  life  of  Rtimford,  and  this  labour 
of  Jove  had  been  aceompliehed  in  1871,  a  year  prior  to  my  visit  to 
the  United  States.  In  regard  to  Etimford*fi  persotial  life,  Dr.  ElUis's 
elaborate  volume  const iia tea,  if  I  may  so  gpiMik,  the  (Quarry  out  of 
which  the  building  materialB  of  these  lectures  are  drawn.  The  life 
of  such  a  man,  however,  cannot  be  duly  taken  iu  without  roferenco  to 
bis  work,  and  the  puhli cation  by  the  American  Aoidomy  of  Sciences 
of  four  large  volumes  of  Ruraford  s  egEwiyB  rondors  the  task  of  dealing 
with  bis  labour B  lighter  than  it  would  have  been,  had  his  writings 
been  suffered  to  remain  Bcattered  in  the  magazines,  joornals,  and 
tFansaction^  of  learnetl  societies  to  wbieb  they  were  originally  eom- 
municaled. 

The  name  of  Count  Rumford  was  Benjamin  Thompson.  For 
thirty  years  he  was  the  contemporary  of  another  Benjamin,  who 
nsftohed  a  level  of  fame  as  high  as  his  own.  Benjamin  Franklin  and 
Baojimin  Tbompson  were  bora  within  twelve  mi  I  us  of  each  other,  and 
fur  mx  of  the  thirty  yeant  just  referred  to  the  one  lived  in  England 
and  tbe  other  in  France.  Yet  there  is  nothing  to  show  that  they 
over  saw  each  other,  or  were  in  any  way  acqtiainted  with  each  other, 
or,  indeed,  felt  the  least  interest  in  each  other*  As  regards  post- 
hnmoQfl  fame,  Rumford  haa  in  England  fared  worse  than  Franklin. 
For  ten,  or  perhaps  a  hundred,  people  in  this  country,  who  know 
something  of  the  career  of  the  one,  hardly  a  unit  is  to  bo  found 
acquainted  with  tbe  career  of  the  other.  Among  scicntifie  men,  how- 
eTer»  the  figure  of  Rumford  presents  itself  with  singular  impressive- 
nets  at  tbe  present  day — a  result  mainly  due  to  the  establishment 
of  the  grand  scientific  generalisation  known  as  the  Mc*chanical 
Theory  of  Heat.  Eoylo,  and  Hooke,  and  Locke,  and  Leibnitz,  had 
more  or  less  distinctly  ranged  thumselves  on  the  side  of  this  theory. 
But  by  experiments  conducted  on  a  scale  unexampled  at  the  tirne^ 
and  by  reasoningB,  founded  on  these  eiperiments,  of  singular  force 
and  penetration,  Rumford  baa  made  himself  a  conspicuous  landmark 
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in  the  history  of  the  theory.  His  inference  from  hiB  eipcrimeiitB 
waSf  as  many  of  you  know,  that  heat  ifi  a  form  of  motion. 

Tho  town  of  Woburn,  connected  in  my  memory  with  a  cttltiTikted 
companion,  with  genial  sunshine  and  the  bright  colouring  of  American 
tiecSj  is  nine  milos  distant  from  the  city  of  Boston.  In  North  Wobum, 
ft  little  way  off,  on  March  26th^  1753,  Bumford  was  born.  He  cam© 
of  people  who  had  to  labour  for  their  livelihood,  who  tilled  thijir 
own  fields,  cut  their  own  timber  and  fuel,  worked  at  their  varied 
trades,  aud  thus  maintained  tho  independence  of  New  England 
yeomen.  ThompBon^a  father  died  when  ho  was  two  years  old.  His 
mother  married  agaiUj  and  had  children  by  her  second  husband  ;  but 
the  affection  between  her  and  her  first-born  remained  strong  and 
unbroken  to  the  end  of  her  life*  The  airaugements  made  for  tho 
juaiutt^iiaitce  of  mother  and  eon  throw  ftome  light  upon  their  position. 
She  was  to  have  the  use  of  one-half  of  a  garden ;  the  privilege  of  land 
to  raise  henns  f  jr  sauce  ;  to  receive  within  a  specified  time  80  weight 
of  beef,  B  busLels  of  rje,  2  bushels  of  malt,  and  2  barrels  of  cider. 
Finally,  she  had  the  liberty  of  gathering  apples  to  bake,  and  three 
bushels  of  apples  every  year. 

The  fatherless  boy  had  been  placed  under  the  care  of  a  guardian, 
from  whom  his  Btcpfather,  Josiah  Pierce,  received  a  weekly  alluwance 
of  two  fibillings  and  fivepence  for  the  child's  mainteuattco.  Young 
Thompson  received  his  first  education  from  Mr.  John  Fowle,  & 
graduate  of  Harvard  CoUtigo,  described  by  Dr.  EUis  aa  *'  an  accom- 
plished and  faithful  man,"  lie  also  went  to  a  school  at  Byfield,  kept 
by  a  relation  of  his  own.  At  the  ago  of  eleven^  he  was  placed  for  a 
time  under  the  tuition  of  Mr,  HLll^  "  an  able  teacher  in  Modford," 
adjoining  Wohurn.  The  lad's  mind  was  ever  active,  and  his  inven- 
tton  ine4.^s8antly  exercised,  but  for  the  most  part  on  subjeots  beside  his 
daily  work.  In  relation  to  that  work,  he  camo  to  be  regardoil  as 
"  iud<dent,  flighty,  and  unpromising."  His  guardians,  at  length 
thinking  it  advisable  to  change  his  vocation,  apprenticed  him  in 
October  1766,  to  Mr.  John  Apple  ton,  of  Salem,  an  importer  of  British 
goods.  Here,  however,  instead  of  wooing  customers  to  his  maflfcer's 
counter,  he  occupied  himself  with  tools  and  implements  hidden 
beneath  it.  He  is  reported  to  have  been  a  skilful  musician,  passion-- 
atoly  fond  of  music  of  every  kind ;  and  during  his  stay  with 
Mr,  Appleton,  whenever  he  could  do  so  without  being  heard,  he 
solaced  his  leisure  by  performances  on  the  violin. 

By  tho  Rev*  Thomas  Barnard,  mmister  of  Salem,  and  his  son^ 
young  Thompson  was  taught  algebra,  geometry,  and  astronomy.  By 
self-practice,  he  Itecame  an  able  and  accurate  draughtsman^  He  did 
not  escape  that  last  infirmity  of  ingenious  minds — ^the  desij^e  to  con- 
struct  a  perpetual  motion.  He  experimented  with  fireworks,  and  was 
once  seriously  burnt  by  tho  unexpected  ignition  of  his  materials.  His 
iuquisitiveness  is  illustrated  by  the  questions  put  to  his  friend  Mr. 
Baldwin  in  17G9.    He  wishes  to  be  told  the  direction  pursued  by  the 
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nays  of  light  under  certaui  cooditione  j  ho  desifefi  to  ktxow  the  cause  of 
the  cbange  of  colour  wbicls  fire  producer  in  clay*  **  Please/*  ho  adds, 
to  give  the  nature,  essence ^  "begiimitig  of  exifitence,  and  rise  of  tbo 
wind  in  general,  with  the  whole  theory  thereof,  bo  as  to  be  able  to 
answer  all  questions  relative  thereto/'  One  mii^ht  suppose  him  to  be 
preparing  for  a  oompetttive  examination.  Ho  grew  expert  in  drawing 
caricatures,  a  apiritcid  group  of  which  has  boon  reproduced  by  Dr. 
KlliB,  It  is  called  a  Council  of  State,  and  embraccB  a  jackass  with 
twelve  human  heads.  TbcBo  sketches  were  found  in  a  mutilated 
scrap-book*  which  aleo  contains  a  kind  of  jouiUBl  of  hia  proceodinga 
in  1769,  when  he  changed  hia  place  in  Salem  for  a  gituation  in  a 
dry-goods  store  in  Boston.  Ho  mentions  a  French  class  which  he 
attended  in  the  OToning^i,  records  the  purchase  of  a  certain  measure  of 
black  cloth,  states  his  debt  to  his  imcle  Hiram  Thompson  for  part  of 
the  rent  of  a  pew.  The  liabilities  thus  incurred  ho  met  by  cutting 
and  carting  firewood.  Mixed  with  ontries  such  as  those  are  "  direc- 
tions for  the  backsword,"  in  which  the  postures  of  the  combattmts 
are  defined,  and  illustrated  by  sketches.  The  scrap-book  also  con- 
tains an  account  of  the  expense  he  had  been  at  "  towards  getting  an 
electrical  machine.'^  Soon  afterwards  he  began  the  study  of  mediciue 
onder  Dr.  John  Hay,  of  Woburn, 

Thompson  keeps  a  strict  account  of  his  debts  to  Br.  ELay  ;  credits 
him  with  a  pair  of  leather  gloves ;  credits  Mrs,  Hay  with  knitting 
him  a  pair  of  stockings.  These  items  ho  tacks  on  to  the  more  serious 
cost  of  his  beard  from  December  1770  to  June  1772  at  forty  sh  ill  in  gs, 
old  currency,  per  week,  amounting  to  15G2.  The  specie  payments  of 
Thompson  were  infinitesimal,  eight  of  thorn  amounting  in  the  aggre- 
gate to  2L  Hifl  further  forms  of  payment  illustrate  the  habits  of 
the  community  in  which  he  dwelt.  Want  of  money  caused  them  to 
fall  back  upon  barter.  He  debits  Dr.  Hay  with  the  following  items, 
tho  value  of  which  no  doubt  had  been  previously  agreed  U|kiu  between 
them.  **  To  ivory  for  smoko  machine ;  parcels  of  butter,  coffee, 
sugar,  and  tea,  parctds  of  various  droga,  camphor,  gum  benzoine, 
arsenic,  calomel,  and  rhubarb  :  one-half  of  white  sheep-skin  leather ; 
hrssfi  wire  ;  white  oak  timlier  ;  to  sundry  lots  of  wood  ;  to  other  lots 
delivered  whUe  I  was  at  Wilmington,  and  left  by  me  when  I  was  at 
Wilmington  tho  lawt  time ;  to  a  blue  Huz^a  cloak,  biught  of  Zebediah 
Wyman,  and  paid  for  by  fifteen  and  a  half  cords  of  wood  ;  a  poix  of 
knee  buckles ;  a  chirnrgical  knife ;  to  a  cittern,  and  to  the  time  1 
have  been  absent  from  your  house,  nineteen  weeks  at  forty  sbillings ; 
and  for  the  time  my  mother  washed  for  me."  To  help  him,  more- 
over, to  eke  out  the  funds  necessary  for  the  prosecution  of  his  studies, 
Thompson  tried  his  hand  from  time  to  time  at  school  teaching. 

At  this  early  age,  for  he  was  not  more  than  seventocn,  he  had 
leamt  not  only  tho  importanco  of  order  in  the  distribution  of  his 
working  time,  but  also  the  importance  of  exercise  and  relaxation. 
The  four  and  twenty  houi'S  of  a  single  day  are  thus  spaced  out* 
"  From  eleven  to  six,  sleep*    Get  up  at  six  o'clock  and  wash  my 
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haoctfi  and  face.  From  eix  to  eight,  esei-ci^  one  Imlf,  ai^d  etttdj  0119 
half.  From  eigbt  to  ten,  breakfast,  utteiid  prayers,  &c,  Fipom  ten  to 
twelve,  study  nU  the  time.  From  twelve  to  one,  dine,  &c;  From  one 
to  four,  fitudy  constantly.  From  fotir  to  five,  relieve  my  mind  hj  1 
some  diversion  or  ciercise.  From  five  till  bedtime,  follow  whAt  my  ^ 
inclination  leads  me  to  ;  whether  it  be  to  go  abroad,  or  stay  at  hotne 
and  read  citLer  Anatomy,  PbysLcj  or  Chemietry,  or  any  other  book  1 
want  to  peruse."  j 

In  1771  he  managed,  by  walking  daily  from  Wobnm  to  Cambridge 
and  back,  a  distance  of  some  sixteen  miles^  to  attend  the  lectures  on  | 
natural  philosophy  delivered  by  Professor  Winthrop  in  Harvard 
Oollege,    ThiB  privilege  was  secnrcd  to  him  by  bis  &iend  Mr. 
BQldwin,  with  whom  abont  this  time  he  appears  to  have  qnarrelkd. 
The  diffcTonc^j,  however,  wae  rapitUy  adjusted,  and  it  left  no  abtdiog 
trace  bohind.    Thompson  had  taught  school  for  a  eliort  time  ht 
Wilmington,  and  afterwards  far  sii  weeks  and  three  days  at  Bmdfoni 
where  his  repute  rose  so  high  that  he  received  a  c^ll  to  Cotioord,  thti 
capital  town  of  New  Hampshire,  situated  higher  np  than  Bradford  fin  1 
the  river  Merrimac.   The  Indian  name  of  Concord  was  Penacook,  la 
1733  it  had  been  incorporated  as  a  town  in  Essex  county,  Haasa-  i 
chusetta.    Some  of  the  early  settlere  in  Esses  county  had  Dome  from  | 
the  KugUsh  Esses ;  and,  m  regards  proounciation^  they  carried  wilh 
them  the  name  of  the  English  EsBei  town,  liomfoiii,  of  brewery 
(jelebrity.    They,  however,  changed  the  first  o  into  %  calUog  the 
American  town  Bumford,    Strife  had  occurred  tks  to  the  oonnly  or 
state  to  M'bich  Bumford  belonged.    Bat  the  matter  was  amicahlr 
settled  at  last  ^  and  to  denote  the  subsequent  hurmony,  the  name 
changed  from  Bumford  to  Concord,*    In  later  years,  whan  bonotns 


In  connectioTi  with  tbii  iubject  I  have  been  favoured  with  the  fo]lovii»|: 
intereating  letter  i — 

■*  Deas  Sm,  August 

"^l  venture  to  profTer  a  remark  upon  a  detail  in  jour  ItitefeatiDg  paper  QpoB 
Co'mt  Mvmford.  My  a[)olf>^j  for  no  doiag  isi  tliat  I  am  a  Romford  du^q,  aod  ukftl 
I  think  yon  may  cart^  for  iha  m&m  orumb  of  infommtian  I  iwsaes  beaiiug  ttpOB 
the  spoil inis  BUd  prontnidtttiou  of  the  name  of  my  u&tt?e  place. 

'"Romford  is  always  pronounced  Ruiuford  by  Euarx  folk.  Wbon  I  wi«  » 
tjoy  it  ^Bi  sptilL't  B^iaoA  indiiibrently,  Booifon]  and  Rimiford.  I  T^mctuber  Uwl 
tlie  post-mArk  in  my  ^hool  days  (hoihc  forty  vtors  ago)  waa  HMmford,  Nortitai't 
map  of  Essex  (15D9)  has  Rumforde;  and  od  Bowen'e  map  (1775)  the  spielllag  u 
the  same — Rum  ford.  The  T«g;istt3ra  iu  the  TCfttry  hook^  from  Itjfj^  until  mna» 
fifty  ^cara  a^'o*  f,nve  Humfont  So  that  I  think  it  safe  to  say  that  tb©  tmrlitiatial 
apelbng  and  prunnndiatioD  with  tbu  Eeisex  eettlera  at  Concord  niust  baTO  bcwt 
Earn  ford.  1  muat,  however,  add^but  I  fear  I  am  hapdly  jiiatified  in  trotiblitij 
you  with  «o  long  a  note— that  the  w  occurs  in  two  Latin  entnc«  in  the  Sc^uAnr— 

*  156-t,  BftptiZLitu  fuit  Anna  Baylio  filia  Hugonii  Ctssor,  Bomfoiil.* 

'*  And  in  the  mme  year  there  la  an  entry  of  a  burial  with  '  Eomfordiae.'  I 
believe  it  wrb  the  La'titiizinij  of  Bumford  ILat  moililied  the  vowel,  tha  aUemiion 
being  prompted  by  the  miBtakcn  notion  tbat  the  etymology  of  the  pliwe 
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fell  thick  upon  him»  Eumford  was  made  a  Count  of  the  H0I7  RomaQ 
Empire,  Ho  cbose  for  liis  title  Count  Bumford^  in  memory  of  liis 
earlf  association  with  Concord* 

**  When  Benjamin  Thompson  went  to  Concord  as  a  teacher,  he  waa 
in  tbo  glory  of  his  youth,  not  having  yet  reached  manhood.  His 
friend  Baldwin  describes  him  ns  of  a  fine  laanly  make  and  figure, 
nearly  fiix  feet  in  height,  of  hanrlsome  features,  bright  blue  eyes,  and 
dark  auburn  hair.  Ue  hod  the  manners  and  polish  of  a  gentleman, 
with  fkBcinating  ways,  and  an  ability  to  make  hiuiBelf  agreeable/'*  In 
Concord,  at  the  time  of  Thompson*s  iwriTalj  there  dwelt  the  widow  of 
a  Colonel  Eolfo  with  her  infant  son.  Her  husband  hod  died  in 
December  1771,  leaving  a  largo  estate  behind  him,  Rumford  was 
indehted  to  Mrs*  Rolfe^s  father,  tho  Rov.  Timothy  Walkor,  minister 
of  Concord,  for  counsel,  and  to  her  brother  for  civility  and  hos- 
pitality* There  the  widow  and  the  teacher  met,  and  their  meeting  was 
a  prelude  to  their  marriage.  Rumford,  somewhat  ungallantly,  told  his 
&ieud  Piotet  in  after  years  that  eho  married  him  rather  than  he  her. 
She  was  obviously  a  womau  of  decision «  As  soon  aa  they  were 
engaged^  an  old  curricle,  left  by  her  father,  was  fished  up,  and,  therein 
mounted,  she  carried  Thompson  to  Boston,  and  committed  him  to  the 
caro  of  the  tailor  and  hairdresser.  This  jonruey  involved  a  drive  of 
eixty  miles.  On  the  return,  it  is  said,  they  called  at  the  house  of 
Thorn  peon's  mother,  who^  when  she  Haw  htm,  exclaimed,  Why,  Beu, 
my  BOD,  how  could  you  go  and  lay  out  all  your  winter^s  earnings  in 
finery '? "  Thompson  was  nineteea  when  ho  married,  his  wife  being 
thirty- three. 

In  1772  he  became  ac^juainted  with  Governor  Went  worth,  then 
resident  at  Portsmouth-  On  the  13th"of  November  there  was  a  grand 
military  review  at  Dover,  New  Hampfihire,  ten  miles  from  Ports* 
mouth.  At  which  Thompson  was  present.  On  two  critical  occi^ions 
in  the  life  of  this  citraordinary  man  his  appearance  on  horse- 
back apparently  determined  the  issues  of  that  life.  As  he  rode 
among  the  soldiers  at  Dover,  his  figure  attractetl  the  attention  of  tho 
governor,  and  on  the  day  following,  he  was  the  great  man's  guest.  So 
uapreased  was  Wentworth  with  his  conversation  that  ho  at  ouce  mado 
np  hii  mind  to  attach  Thompson  to  the  public  servico.  To  seeare  this 


Botzmo-ford.  That  the  Eatn  !»  En^tiah  (=  broad)  is,  I  think,  hardlj  opm  to 
qupiilioii.  The  neareat  town  in  UtanU  with  which  the  rorfwiv  ford  eotilmvt& 
Uf  latti  tb^  aluggiah  littb  river  baa  cnme  to  ba  cidlod  tho  river  Rom,  This  ii 
quite  a  norel '  Dotlon '  and  m  quite  lotii\, 

Thaukitig  yau  for  tha  pleasuie  profit  I  btiTe  durired  from  readiag  your 
article, 

I  rerooiti*  dear  Sir, 

Your*  very  faitUftilty, 

"  Hsitay  Attwill, 

**  Prafem  Tyndall, 
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wise  end  he  adopted  unmse  meaDS.  "A  vacanej  Lairmg  oocarred  | 
in  a  raajorBhip  in  the  Second  Provincial  Regiment  of  New  Hanipfiliin!, 
Governor  Wentworth  at  once  commisaioned  Thomi>son  to  fill  it." 
Jealous  J  and  enmity  naturally  followed  the  appointment  of  a  m&n 
without  name  or  fame  in  the  army,  oTer  the  bends  of  votemnfi  with 
infinitely  stronger  claims.  He  rapidly^  however,  be<»rae  &  favourite 
with  the  governor,  and  on  his  proposing,  soon  after  his  appointment, 
to  make  a  survey  of  the  White  MountainR,  Wentworth  not  only  fell  in 
with  tiiG  idea,  but  promised,  if  his  public  duties  permitt^,  to  take 
part  in  the  survey  hinjeelf.  It  will  he  remembered  that  at  this  thm 
ThoDip&on  was  not  quite  twenty  years  old. 

For  a  moment,  in  1773,  he  appears  in  the  character  of  a  iantter, 
and  iBVokes  the  aid  of  a  friend  to  procure  for  him  supplies  of  gnn 
and  garden  seeds  from  England.  But  amid  pre-occupationB  of  tliis 
kind  his  scientific  bias  emerges.  After  a  brief  reference  to  tlt^  eeed 
procured  for  him  by  his  frioud  Baldwin,  he  proposes  to  the  Utter  the 
foD owing  question :  **  A  certain  cistern  has  three  brass  cocks,  one  of 
which  will  empty  it  in  15  minutea,  one  in  30  minutes,  and  the  other  in 
60  minutes.  Qu. — How  long  would  it  take  to  empty  the  cistern  if  all  ^ 
three  cocks  were  to  be  opened  at  once  ?  If  yon  are  food  of  a  oom* 
apondence  of  this  kind,  and  will  favour  me  with  an  easy  qnestioui 
Aritlimetical  or  Algebraical,  I  will  endeavour  to  give  aa  good  an 
account  of  it  as  possible.  If  you  find  out  an  answer  to  the  above  im- 
modiatoly,  I  hope  you  will  not  take  it  as  an  affront,  my  proposi^ 
anything  which  you  may  think  so  easy,  for  I  omst  confe^g  I  scaroe 
ever  met  with  any  little  notion  that  puzzled  me  so  much  in  my 
life." 

In  1774  the  ferment  of  discontent  with  the  legislation  of  the  m 
country  had  spread  throughout  tiie  colony.  Clubs  and  commilteea 
were  formed  which  often  compelled  men  to  take  sides  before  the 
requisite  data  for  forming  a  clear  judgment  had  been  obtained.  "  Due 
caadour,"  saya  Dr.  Ellis,  "  must  persuade  us  to  allow  that  there  we« 
reasons^  or  at  least  prejudices  and  apprchensioos  which  might  lead 
houeat  and  right-hear  ted  men,  lovers  and  friends  of  their  birt  bland, 
to  oppose  the  rhaing  spirit  of  independence  as  inflamed  by  dema- 
gogues, and  as  forubodmg  diseom^ture  and  mischief/'  Thompson 
became  "  suspect,"  though  no  record  of  any  unfriendly  or  niipatriotio 
act  or  speech  on  his  part  is  to  be  found.  He  was  known  to  bo  on 
friendly  terms  with  Governor  Went  worth,  but  the  governor,  when  ha 
gave  Thompson  hie  commission,  was  highly  popular  in  the  provin^oau 
Prior  to  Wentworth's  accession  to  office  he  '*  had  strongly  opposed 
every  measure  of  Great  Britain  which  was  regarded  as  encroachiite 
upon  our  liberties."  He  thought  himself,  nevertheless,  in  duty  boiuil 
to  stand  by  tho  royal  authority  when  it  was  openly  defied ;  and  thi* 
naturally  rendered  him  obnoxious, 

Thompson  was  a  man  of  refractory  temper,  and  the  cirGnmstaiioei 
of  the  time  were  only  too  well  calculaled  to  bring  that  temper  cmt 
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"Thero  was  aomething,"  says  Dr*  Ellis,  *'  cxcectlingly  humiliating  and 
degratling  to  a  man  of  an  indcpondGat  and  Belf-r<?eptrctiDg  BpLrit  in  the 
con  d  ill  cms  imposed  at  times  by  tlie  ^  Sons  of  Liberty,*  in  tbo  process  of 
cleaaeing  oneself  from  tbo  taint  of  Toryisnj*  The  Comtnitteea  of  Cor- 
T60poiidetie€  and  of  Safety,  whoea  eoryic<ea  atand  glorified  to  ns  tbrougli 
their  most  efficient  agency  in  a  sncceBt^fnl  struggle,  delegated  tlieir 
authority  to  every  witness  or  agent  who  might  be  a  self-constituted 
guardian  of  patriotic  interests,  or  a  spy,  or  an  eavesdropper,  to  catch 
tvporiB  of  au&pectod  poraons."  Human  nature  is  everywhere  the 
mm&j  and  to  protect  a  cUerishod  cause  tbeee  "  sons  of  lib«rty  V  aomo^ 
times  adopted  the  tactics  of  the  papal  inquisition.  On  tbo  8th  of 
November,  1774,  for  example,  one  Nicholas  Austin  bad  to  go  down 
npon  his  knees  and  make  the  following  confession :  Before  tbia 
company  I  confess  I  htive  been  aiding  and  agisting  in  scniling  men 
to  Boston  to  build  barracks  for  the  soldiers  to  live  in,  at  which  you 
have  justly  reason  to  bo  offended,  which  I  am  sorry  for»  and  humbly 
$sk  your  forgiveness ;  and  I  do  affirm,  that  for  the  future  I  never 
will  be  acting  or  aesifttiug  in  any  wise  whatever*,  in  act  or  deed^ 
contrary  to  the  constitution  of  the  country ;  as  witness  my 
hand." 

Public  feeling  grew  day  by  day  more  eicasperated  against 
Thompson,  and  in  the  summer  of  1774,  he  was  summoned  before  a 
committee  to  answer  to  the  charge  of  being  unfrieudly  to  the  cause  of 
Mberty.  "  He  denied  the  charge^  and  challenged  proof.  The  evidence, 
if  any  such  was  ofiered^ — and  no  trace  of  testimony,  or  even  of 
imputation  of  that  kind  is  on  record — was  not  of  a  sort  to  warrant 
any  proceeding  against  him,  and  he  was  discharged/'  The  discharge, 
however,  gave  htm  but  little  relief,  and  extra-judicial  plots  were 
formed  against  him.  The  Concord  mob  resolved  to  take  the  matter 
into  their  own  bands.  One  day  they  collected  round  his  house,  and 
with  hoots  and  yells  demanded  that  Thompson  should  be  delivered 
up  to  them.  Having  got  wind  of  the  matter,  he  escaped  in  time ; 
and  on  the  assurance  of  Mrs.  Thompson  and  her  brother  Colonel 
Walker  that  he  had  quitted  Concord,  the  mob  dispersed. 

In  a  letter  addressed  to  bis  father-in-law  at  this  time  from 
Charlestown  near  Boston,  he  gives  bis  reasons  for  (quitting  home. 
**  To  have  tarried  at  Concord  and  have  stood  another  trial  at  the  bar 
of  the  populace  would  donbtluas  have  beeu  attended  with  unhappy 
oonseqnences^  as  my  innocence  wuuld  have  stood  me  in  no  stead 
against  the  pTcjudices  of  an  enraged  infatuated  multitude — and  much 
less  against  the  determined  villa uy  of  my  inveterate  enemies,  who 
itrive  to  rnieo  their  popularity  on  the  mins  of  my  character." 

Ho  returned  to  his  mother's  house  in  Woburn,  where  he  waa 
joined  hy  his  wife  and  child*  While  they  were  with  him,  shots  were 
nehanged  and  blootl  wan  fihod  at  Concord  and  Lexington.  Thumpt^n 
WW  m%  length  arrested,  and  confined  in  Wobum.  A  "  Committee  of 
Cofreepondence "  was  formed  to  inquire  into  his  conducts  They 
umted  every  one  who  could  give  evidouco  in  the  affair  to  appuar  at 
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tlio  meetiDg  home  on  the  IStli  of  May.  The  oomniittoe  met,  but 
iiuding  DotUiog  again  st  the  aocnsed,  they  adjonmed  tbo  meetitig.  He 
then  tiddreBseil  »  petition  to  the  Cotimiittee  of  Safety  for  the  poIoct 
of  MnaBftohuaetts  Bay,  in  which  he  begge<i  for  m  full  nnd  searchitii 
trial  J  relying  on  an  accjuittal  commensurate  with  the  tlifironghae«  df 
the  elimination.  The  petition  wag  not  attencled  to.  On  the  29th  of 
May,  1776,  ho  was  esAmined  at  Woburn,  where  lie  eoudncied  his  own 
defence.  He  woe  acquitted  by  the  committor,  who  recommended  Mm 
to  the  protection  of  ull  good  people  in  this  and  the  neighbunritig 
provinces."  The  committee,  howeverj  refused  to  make  this  aoqmttal 
a  public  one^  lest,  it  was  alleged^  it  should  offend  those  who  wen 
opposed  to  Thompson. 

Dt^Bpatr  and  disgust  took  posBosaion  of  him  more  and  more.  Id  i 
long  letter  addressed  to  his  father-in-law  from  Woburn^  he  delendb 
Ms  entire  course  of  conduct.  His  principal  ofienoe  was  probably 
negative ;  for  silence  at  the  time  was  deemed  tantamount  to  anta^ 
onism.  During  his  brief  period  of  farming,  he  had  working  for  him 
some  defiertere  from  tbo  British  army  in  Boston*  These  he  persnulMl 
tu  go  hack,  and  this  was  urged  as  a  crime  against  hinu  He  defendK) 
himself  with  spirit^  declaring,  after  he  had  erplained  bis  motivfe, 
that  if  his  action  were  a  crime,  he  gloried  in  being  a  criminaL  U» 
made  up  his  mind  to  quit  the  country,  expressing  the  deTont  wifb 
"  that  the  happy  time  may  soon  come  when  I  may  return  to  mr 
family  in  poacc  and  safety,  and  when  every  individual  in  America 
may  sit  down  nnder  his  own  vine  and  under  his  own.  ilg-tree,  and  hm 
none  to  make  him  afraid." 

On  this  letter,  and  on  the  circumstances  of  the  time,  Dr.  Kllii 
makes  the  following  pertinent  remarks :  ^*  Major  Tbompson  wis  not 
the  only  person  in  those  troubled  times  that  had  occasioD  to  chaiwv 
upon  those  espousing  the  championabip  of  public  libert/  a  tyramuoil 
treatment  of  isdividuals  who  did  not  accord  with  their  ^bamet  or 
views.  Probably  in  our  late  war  of  rebellion  his  i^am  was  paralleled 
by  those  of  hundreds  in  both  sections  of  our  country,  who  with 
halting  and  divided  minds  or  unsatisfied  judgments,  were  arrested  in 
tbo  process  of  decision  by  treatment  from  others  wliich  put  them  under 
the  load  of  passion.  The  choice  of  a  great  many  lloyiiliste  in  our 
revolution  would  have  been  wiser  and  more  satisfactory  to  themselTi^ 
had  they  been  allowed  to  make  it  deliberately/*  On  October  13lh, 
1775,  Thompson  quitted  Woburn.,  reached  the  shore  of  Narraganaetl 
Bay  and  went  on  board  a  British  frigate.  In  this  vessel  be  WM 
conveyed  to  Boston,  where  he  remained  imtil  the  town  was  evmcnaled 
by  the  British  troops.  The  news  of  this  eatastropho  he  earned  to 
England.  Henceforward,  till  tbe  close  of  the  war,  ho  was  on  the 
English  side.  As  a  matter  of  course  he  was  proscribed  by  Ma  ooimtrT^ 
men,  and  his  property  confiscated. 

Thompson  was  not  only  a  man  of  great  capacity,  but,  in  early  da 
of  a  social  pliancy  and  teachableness  which  enabled  him  witb  eitn- 
rapidity  to  learn  the  maanors  and  fall  into  the  ways  of  gre^t 
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On  the  English  Eide  tlio  War  of  Imlependence  was  beguD^  coiitinwed, 
and  ended,  in  ignorance..  Blunder  followed  blunder,  and  defeat  followed 
defeat^  until  the  knowledge  which  onght  to  have  been  rcftdj  at  tbo 
outset  came  too  late.  Thompson  for  a  tinio  was  the  vehicle  of  such 
b€ilfltcd  knowledge.  He  was  imraediatolj  attached  to  the  Colonial 
Office,  then  ruled  oTer  by  Lord  George  Germain.  CuTier^  in  his 
'  Eloge,'  thns  describes  Lis  first  iuterview  with  that  minister :  "  On 
thie  occasion  by  the  clearness  of  hi  a  details  and  tho  gracefulness  of  bis 
manners,  he  insinnated  bimeelf  bo  far  into  the  graces  of  Lord  George 
Germain  that  he  took  him  into  Lis  employment.**  With  Lord  George 
he  frequently  breakfasted,  dined,  and  flapped,  and  was  oceasionaliy 
his  guest  in  tho  country.  But  besides  giving  information  iisefnl  to 
his  chiefs,  be  oceupied  himself  with  other  matters.  He  was  a  born  ei- 
perimentalist,  bamly,  ingonious,  full  of  devices  to  meet  practical  needs. 
He  turneil  his  attention  to  improvements  in  military  matters  ;  "  advised 
and  procured  the  adoption  of  bayonets  for  the  fusees  of  the  Horse 
Guards^  to  be  used  in  fighting  on  foot."  Ho  bad  previously  been 
engaged  with  exporiiuciits  on  gunpowder,  which  be  now  resumed. 
The  results  of  these  exporimenta  bo  commimicated  to  Sir  Joseph 
BftnltSf  then  President  of  tbo  Royal  Society,  with  whom  he  soon 
became  intimate.  In  1779,  he  was  elected  Fellow  of  the  Boyal 
S<K*iety. 

When  the  war  had  become  hopeless,  many  of  the  exiles  who  bad 
been  trtie  to  the  Royalist  cause  came  to  England,  where  Thompson's 
o^cial  position  imposed  ou  him  the  duty  of  assuaging  their  miseries 
and  adjusting  their  claims.  In  this  connection,  the  testimony  of  Dr. 
Ellis  regarding  htm  is  that  "so  far  as  the  relations  betsveen  these 
refugees  ftjid  Mr.  Thompson  can  be  traced,  I  find  no  evidence  that  ho 
failed  to  do  in  any  case  what  duty  and  friendliness  required  of  him." 
StiU  he  did  not  entirely  escape  the  censure  of  his  outlawed  fellow- 
countrymen.  On©  of  them  in  particular  had  been  a  judge  in  Salem  when 
Thompson  was  a  shop-lKjy  in  Appleton's  store.  Jndgo  Cur  wen  com- 
plained of  Thompson's  fair  apiMiiaraucG  and  uncandid  behaviour*  He 
must  have  keenly  felt  the  singular  reversal  in  their  relations.  This 
young  man,"  says  the  judge,  **  when  a  shop-lati  to  my  neit  neighbour, 
crrer  appeared  active,  good-natured,  and  sensible ;  by  a  strange  con- 
cnireuce  of  events,  he  is  now  Under-Secretary  to  the  American 
Secretary  of  State,  Lord  George  Germain,  a  Secretary  to  Georgia, 
InsjKsctor  of  all  the  clothing  sent  to  America,  and  Lieutenant-Colonel 
Commandant  of  Horse  Dragoons  at  New  York ;  Ha  income  from 
these  soujees  is,  I  have  been  told,  near  a  year — a  sum 

infinitely  beyond  his  most  sanguine  erpectations." 

As  the  proBpccts  of  the  war  darkeneilf  Thompson's  patron  in 
Ktigland  became  more  and  more  the  object  of  attack.  The  people 
bad  been  taxed  in  vain.  England  was  entangled  in  Continental  war, 
and  it  became  gradually  reeognisod  that  the  subjagation  of  tho  colony 


*  Thb  t>r.  EllU  ccttvaidera  to  be  a  delusion. 
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wfts  impoHsiblo.  Burgoyii©  had  snrroadercd,  and  the  issae  of  the  war 
huug  upon  the  fate  of  Cornwallis*  On  October  19th  he  was  obliged 
to  capitulate.  The  effect  of  the  disaster  upon  Lord  North,  who  wan 
then  Pritn©  Minister,  i&  thus  described  by  Sir  M.  W»  WraiaU; — 
**  The  Firet  Minister's  firmnesB,  and  eveo  his  presence  of  mind,  gave 
way  for  a  short  time  under  this  awful  disAster.  I  asked  Lord  George 
afterwards  how  he  took  the  comniuni cation.  'As  he  would  have 
taken  a  hiill  in  his  breast,*  replied  Lord  George*  *  For  he  opened  hia 
arms,  eiLcl aiming  wildly,  as  ho  paced  up  and  down  the  apartnienl 
daring  a  few  minutes^  O  God  I  it  is  all  over  I  *  " 

To  Thompson's  credit  be  it  recorded^  that  he  showed  no  tendency 
to  desert  the  csiiB6  he  hod  espoused  when  he  found  it  to  be  a  failing 
one*  In  1782  his  chief  was  driven  from  power,  and  at  this  critical 
time  he  aficepted  the  oommisaion  of  lieu  tenant- colonel  in  the  British 
army,  and  returned  to  Amerioa  with  ii  view  of  rallying  for  a  final 
stand  such  forces  as  ho  might  find  capable  of  organisation.  He  took 
with  him  four  pieccB  of  artillery,  with  which  he  mode  experiments 
upon  the  voyage.  His  destination  was  Long  Island,  New  York,  but 
stress  of  weather  carried  him  to  Charleston,  South  Carolina.  Here  the 
influence  of  his  presence  and  energy  was  soon  felt.  "  The  regimeni 
of  cavalry,"  says  Pictet,  "  called  the  King's  American  Dn^oona  was 
raised  at  this  time  in  his  native  country  by  his  friends  and  agents,  and 
he  was  then  commissioned  as  its  lientcnnntK^olouol  commandant. 
This  circumstance  Ie<i  liira  to  return  to  America  to  serve  with  his 
regiment.  Ho  bad  intended  to  land  at  New  York,  bnt  contrary  winds 
compelled  him  to  disembark  at  Charleston.  Obliged  to  pass  the  winter 
there,  he  was  made  commander  of  the  remains  of  the  cavalry  in 
the  royal  army,  which  was  thou  under  the  orders  of  Lieutenant^ 
General  Leslie.  This  corps  was  broken,  but  be  promptly  restored 
it,  and  won  the  confidence  and  attachment  of  the  commander.  He 
led  them  often  against  the  enemy,  and  was  always  succeesful  in  his 
enterpriees*" 

About  the  middle  of  April  Thompson  reached  New  York,  and 
tocik  command  of  the  King*B  American  Dragoons.  Colours  were 
presented  to  the  regiment  on  August  1st,  a  very  vivid  account  of  the 
ceremony  being  give  a  in  Riving  ton's  Eoyal  Gazette  of  August  7  th, 
1782,  Prince  William  Henry,  afterwards  King  William  the  Fourth^ 
was  there  at  the  time*  The  regiment  paseed  in  review  before  him, 
performing  marching  salutes.  They  then  returnee],  dismounted,  and 
formed  in  a  semicircle  in  front  of  the  canopy.  After  an  address  by 
their  chaplain,  the  whole  regiment  knelt  down,  laid  their  helmets 
and  arms  on  the  ground,  held  up  their  right  hands,  and  took  a  most 
I  solemn  oath  of  allegiance  to  their  sovereign,  and  fidelity  to  thoif 

I  standard.    From  Admiral  Digby  the  prince  received  the  colours,  and 

I  presented  them  with  Lis  own  hands  to  Thompson,  who  passed  them 

I  on  to  the  oldest  comets,    "  On  a  given  signal  the  whole  regiment, 

i  with  all  the  numerous  tsjicctators,  gave  three  shouts,  the  music  played 
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'  God  save  tLe  King,*  the  artillery  fired  a  royal  Balnte^  and  the  cere- 
mony was  cndetl."  • 

Many  complaints  ha^e  been  made  of  the  behaviour  of  tho  troops 
during  their  stay  at  Long  iBlnjid,  New  York.  But  war  is  alwnye 
horrible ;  and  it  ie  pretty  clear,  frotn  the  account  of  Br.  Ellii,  that 
the  compLunts  had  no  other  fuutidntiuti  than  eTcnta  iaaeparabie 
from  tho  carrying  on  of  war.  In  the  fitatement  of  Thompson's 
case,  his  biugraphef,  extenuatin  ^  nothmg,  and  setting  dotvn  naught 
in  malice,  winds  np  his  third  chapter  with  these  words :  "  Having 
thus  pronouQoed  upon  him  as  in  oppositioD,  in  act,  to  himself 
and  lus  eonvietions,  I  may  add  to  such  praise  as  is  due  to  him  aa  a 
good  eoldier,  quick  aod  true  and  bohl  in  action,  and  faithful  to  the 
government  which  he  served »  the  higher  tribute  that  from  the  hour 
when  the  wiur  closed,  ho  bticame^  and  ever  continued  to  be,  tbe  eon- 
stftot  friend  and  generous  benefactor  of  his  native  country." 

Early  in  April  178^i  he  obtained  leave  to  return  to  England, 
but,  Ending  there  no  opportunity  for  active  service,  he  resolved 
to  try  his  fortune  on  the  Continent,  intending  to  offer  his  serviceg  m 
a  volunteer  in  the  Austrian  army  against  the  Turlts.  The  historian 
(Jibbon  crossed  the  Channel  with  him*  In  a  letter  dated  Dover, 
September  17th,  1783,  Gibbon  writes  thus: — "Last  nightj  the  wind 
wae  so  high  that  the  vessel  could  not  Btir  from  tho  harbour ;  this  day 

!  it  ia  brisk  and  fair.  We  are  flattered  with  the  hope  of  making  Calais 
Harbour  by  the  same  tide  in  three  hours  and  a  half ;  but  any  delay 
wiU  leave  the  disagreeable  option  of  a  tottering  ho&X  or  a  tossing 
night«  What  a  cursed  thing  to  live  in  an  island  I  this  step  is  more 
awkward  than  the  whole  journey.  The  triumvirate  of  this  ujemorable 
embarkation  wiU  consist  of  tho  grand  Gibbon,  Henry  LaureuSj  Esq,, 
President  of  Congress;  and  Mr.  Secretary,  Colonel,  Admiral,  Phi- 
loisopber  Thompson,  atteude<l  by  three  horses,  who  are  not  tLe  most 
agreeable  fcllow-pissengerst  If  we  surviire,  I  will  finish  and  seal  my 
letter  at  Calais.  Our  solvation  shall  be  ascribed  to  the  prayers  of 
my  lady  and  aunt,  fur  1  do  believe  they  both  pray."    The  **gitu)d 

'    Gibbon  ^  is  reported  to  have  been  terribly  frigbtened  by  the  plunging 

'    of  his  feUow-pftasengers,  tho  three  blood  burses, 

Thompson  pushed  on  to  Strasburg,  wLere  Prince  Maximilian  of 
Bttvaria,  tben  a  field  marshal  in  the  aervice  of  France,  was  in  garrisoD, 
Am  *m  a  former  occasion  in  bis  native  country,  Thompson,  mounted 
on  one  of  bis  chargers^  appeared  on  tho  parade  ground.  Ho  attracted 
lb«>  Attention  of  the  Frinca,  who  spoke  to  him,  and^  on  karuing  that  he 
had  been  aof  ving  in  the  American  war,  pointed  to  some  of  his  ofEcerSt 
and  remarked  that  tbey  had  been  in  the  same  war.  An  animated 
oonTorsation  jjumediately  began,  at  the  end  of  which  Thompeon  waa 


•  WlKthcr  Thompson  nt  this  litno  m»do  any  eShrt  to  comuniinicatG  witli  the 
tneuilxn  *d  liit  own  fiimily  not  known.  To  do  to  would  have  been  difficult, 
but  not  imiKMiAiblo. 
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invite4  to  dine  with  the  Prmce,  After  dintier,  it  is  said,  lie  prodaced 
a  portfolio  eontainiJig  plans  of  the  principal  ecgageineiita,  and  a  col- 
lection of  excellent  maps  of  the  seat  of  war.  Eagc^r  for  iDformation, 
thePriucG  again  invited  him  for  the  noxt  day,  and  ^vLeD  at  IcDgth  the 
travcUor  took  leave,  engaged  him  to  pass  through  Munich,  giving  him 
a  friendly  letter  to  his  uncle,  the  Elector  of  Bavaria. 

Thompson  carried  with  liim  wherever  he  went  the  etamp  of  ]>ower 
and  tLe  gift  of  adArees,  The  Elector,  a  sago  ruler,  saw  in  him  im- 
mediately a  man  capable  of  renrlerrng  the  Btatc  good  servica  He 
pressed  his  visitor  to  accept  a  pest  half  military  and  half  civiL  The 
proposal  wns  a  welcome  one  to  Thompson,  and  he  came  to  England 
to  obtain  the  king's  permiHsion  to  accept  it.  Kot  only  was  the  per- 
misRiou  grantetJ,  but  on  February  23rd,  1784,  he  was  knighted  by  tbe 
king,  Dr-  Elliii  publifihea  the  **  grant  of  arrns  "  to  the  new  knight 
In  it  he  ia  described  aa  "Sou  of  Beujainin  Thompson,  late  of  tb© 
Province  of  Massachusetts  Bay  in  New  Engl  ami,  Gent,  deceased,  and 
as  one  of  the  most  antient  Families  in  North  America ;  that  an  Iidaad 
which  belonged  to  his  Ancestors,  at  the  entrance  of  Boston  Harbour, 
where  the  lirst  New  England  Settlement  was  made,  still  bears 
his  name ;  that  hig  Ancestors  have  ever  lived  in  reputable  Situations 
in  that  country  where  ho  was  born,  and  have  hitherto  used  the  Aims 
of  the  antient  and  respectable  Family  of  Thompson,  of  the  county  of 
York,  from  a  constant  Tradition  that  they  derived  their  Deetceut  from 
that  Source."  The  origiuftl  parchment,  perfect  and  unsullied,  with 
(ill  its  seals,  is  in  the  possession  of  Mrs.  James  F.  Baldwin^  of 
Boston,  widow  of  the  executor  of  Countess  Sarah  Runiford.*  The 
knight  himself,  observes  his  biographer,  must  have  furnished  the 
information  written  on  that  ilowery  parchment.  Thompson  was  fond 
of  display,  and  he  here  gave  rein  to  his  tendency.  He  returned 
to  Munich,  and  on  hie  arrival  the  Elector  appointed  him  colonel  of 
a  regiment  of  cavalry  and  general  aido-tie-carap  to  himself.  He  was 
lodged  in  a  palace,  which  he  ghared  with  the  Hussian  Ambassador, 
and  bad  a  military  staff  and  a  corps  of  servants.  Hie  imposing 
figure,  his  manly  and  handsome  countenance,  his  dignity  of  bearing, 
and  his  courtoous  manocts,  not  only  to  the  great,  but  equally  to  his 
eubotdinates  and  inferiorg,  made  him  exceedingly  popular." 

He  soon  acquired  a  mastery  of  the  German  and  French  langnAg)e&, 
He  made  himself  minutely  acquainted  with  everything  coucciming 
the  dominions  of  the  Elector— their  population,  and  employment^ 
their  resources  and  means  of  development  and  tbeir  relations  to  other 
powers.  He  found  much  that  urgently  needed  removal  and  much  that 
requirevl  reformation.  Speaking  of  the  Electorate^  Cuvier  remarks 
that  "its  sovereigns  had  encouraged  devotion,  and  made  no  stipula- 
tion in  favour  of  industry.  There  were  more  convents  than  inanu- 
foctories  in  their  states^  their  army  was  almost  a  shadow,  while 
igtLoianoe  and  idleness  were  conspicuous  in  every  dasa  of  society/' 


Ellis. 
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Thampsoi],  however,  evolcod  no  religious  fttiimosity.  He  avowed  him- 
self A  Prtiteatant,  hnt  met  with  no  oppoaition  on  that  score.  Holilmg 
ftfi  ho  did  the  umted  ofBces  of  MiniBtcr  of  War,  Mliiigter  of  Police, 
and  Chamberlain  of  the  Elector,  his  iufluonco  und  action  extended  to 
all  parts  of  the  pnhlie  service.  Theo,  as  now,  the  armies  of  the  con- 
tinent were  maintained  hy  conBcription.  Drawn  a  way  from  thoir 
normnl  occupations,  the  rural  populntiou  returned  ftfter  their  terra  of 
serriee  lazy  and  domoraliaod,  Thii^  was  a  great  difficulty,  in  dealing 
with  which  patient  caution  hod  to  comhine  with  administrative  bHIL 
Four  years  of  observation  wero  spent  at  Mmiich,  before  Thompson 
attempted  anything  practical.  The  pay  of  the  soldiers  was  miserable, 
their  clothing  bad,  their  quarters  dirty  and  mean  ;  tho  expense  being 
oat  of  all  proportion  to  the  return.  The  officers^  as  a  general  mle^ 
ren^a^ded  the  soldiers  as  their  slaves ;  and  here  special  prudence  was 
necessary  in  endeavouring  to  effect  a  cLange.  The  more  eam^t 
among  the  officers  were  induced  to  co-operate  with  him,  by  making 
the  reforms  which  he  sought  to  introduce  to  originate  apparently  with 
them*  He  aimed  at  making  soldiers  citizens  and  citizens  Boldiers. 
The  situation  of  the  soldier  was  to  be  rendered  pleasant,  his  pay  was 
to  be  increased,  his  clothing  rendered  comfortable  and  oven  elegant, 
while  all  liberty  consistent  with  strict  subordination  woa  to  be  per- 
mitted him.  Within,  the  barracks  wore  to  bo  neat  and  clean ;  and 
without,  attractive,  Reading,  ivriting,  and  arithmetic  were  to  be 
taught,  not  only  to  the  Boldiers  and  their  children,  bnt  to  tho  children 
of  neighbouring  peasantry.  The  paper  used  in  the  school  would, 
it  was  urged,  be  practically  &ee  of  cost,  as  it  would  serve  afterwards 
for  cartridges. 

The  marshes  near  Mannheim  were  dreary  hogs^  useless  for  cnltivi^ 
tion  and  minoua  to  the  health  of  the  city.  Thompson  drained  them, 
banked  them  in,  and  converted  them  into  a  garden  for  the  use  of  the 
geu'rison.  For  tho  special  purpose  of  introducing  the  ctUttire  of 
the  potato,  he  extended  the  plan  of  military  gardens  to  all  other 
garrisons.  They  were  tilled,  and  their  produce  was  owned^  hy  non- 
commissioned officers  and  privates,  each  of  whom  had  a  plot  of 
865  B4]uare  feet  allotted  to  him.  Gravel  walks  divided  the  plots  from 
each  other.  The  plan  proved  completely  snccessfiil.  Indolent 
•oldiers  became  indnstrioas,  while  the  soldiers  on  fnrlongh  spreading 
ilirottd  their  taste  and  knowledge,  caused  little  gardens  to  spring  up 
awywhere  over  tho  country.  Having  secured  this  end,  be  converted 
it  into  a  means  of  suppressing  the  enormons  evils  of  mendicity. 
Bftvftiia  was  infested  with  beggars,  vagabonds,  and  thieves,  native 
and  foreign.  These  mendicant  tramps  were  in  the  main  stout, 
heftlthy,  and  able-bodied  fellows^  who  found  a  life  of  thievish  indo- 
lence ploasanter  than  a  life  of  honest  work,  "  llieee  detestable 
vc^rmin  had  recourse  to  the  most  diabolical  arts,  and  the  most  horrid 
dimefi  in  the  prosecution  of  thoir  infamous  tratl©/'  Tbey  robbed, 
and  maimed  and  exposed  little  chiUlreQ,  so  as  to  extract  money  from 
the  tendor-heartod.    In  the  cities  the  beggars  formed  a  distinct  caste, 
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"With  professioEal  rules  to  guido  them.  Their  training  was  a  traimng 
in  robbery;  the  means  thoy  employed  for  extorting  support  l^ing 
equlTftlent  to  direct  plunder.  Seeing  no  escapo  from  the  incubus,  thu 
public  had  come  to  bow  to  it  as  a  necessity.  The  energy  with  which 
Thompson  grappled  with  this  evil  may  be  inferred  from  the  fact  that 
out  of  a  population  of  sixty  thousand,  two  thousand  six  himdr^ 
beggars  wore  seized  in  a  single  week. 

Four  regiments  of  cavalry  wero  eo  cantoned  that  every  Tillage  in 
Bamria  and  the  adjoining  provinces  had  a  patrol  party  of  four  or  five 
mounted  floldiera  "  daily  coursing  from  one  station  to  another."  The 
troopers  were  under  strict  discipline^  extreme  care  being  taken  to  I 
avoid  collLsion  with  the  civil  authorities*  This  disimsition  of  the 
cavalry  was  antecedent  to  seizing,  as  a  beginning,  all  tbe  beggars  in 
the  capital.  Aged  and  infirm  mendicants  were  earofuUj  di sting aish^ 
from  the  sturdy  and  able-bodied.  Voluutarj?  contributions  were 
esHentiftl,  but  the  inhabitants,  though  groaning  under  the  load  of  | 
mendicancy,  bad  been  so  often  diFappointed  in  tlieir  efforts  to  get  rid  i 
of  it,  that  they  now  held  Isick.  Thompson  resolved  to  give  proof  of  | 
success  before  asking  for  general  aid.  He  interested  persons  of  high 
rank  in  his  scheme ;  organised  a  bureau  to  relieve  the  needy  and 
employ  the  idle.  Tlte  mombera  of  hia  committee  wore  Presidents  of 
the  great  oflSccs  of  State,  who  worked  without  pay.  The  city  w-as 
divided  into  sixteen  districts^  with  a  committee  of  charity  for  each, 
while  a  respected  citizen  assisted  by  a  priest  and  a  physician,  serving 
gratuitously  J  looked  after  the  worthy  poor.  He  knew  perfectly  well 
that  in  tlio  city  many  bequests  consecrated  to  charity  were  being 
abused  and  wasted,  but  he  cautiously  abstained  from  meddling  with 
them. 

The  problem  before  him  might  well  have  daunted  a  courageoua  man. 
It  was  neither  more  nor  less  than  to  convert  people  bred  up  in  la»y  i 
and  dissolute  habits  into  thrifty  workers.  Precepts,  he  knew,  were 
unavailing,  so  his  aim  was  to  establish  habits,  Eeversing  the  maxim 
that  people  must  be  virtuous  to  be  happy,  be  made  liia  beggars  happy 
as  a  atop  towards  making  them  virtuous.  He  aHirmcd  that  he  bad 
learnt  the  importance  of  clean linesa  through  observing  the  habits  of 
birds  and  beaats.  Lawgivers  and  fo under b  of  religions  never  failed  to 
recoguiso  the  influence  of  cleanliness  on  man*a  moral  nature.  "  Virtue,'* 
he  Baidj  ^*  never  dwelt  long  with  filth  and  nastiness,  nor  do  I  believe 
there  ever  was  a  person  scrupulously  attentive  to  cleanliness  who  was 
a  consummate  villain/*  Ho  bad  to  deal  with  wretches  covered  with 
filth  and  vermin,  to  cleanse  them,  to  teach  them^  and  to  give  them  the 
pleasure  and  stimulus  of  earning  money.  He  did  not  waite  his  means 
on  fine  buildings,  but  taking  a  deserted  manufactory,  he  repaired  it, 
enlarged  it,  adding  to  it  kitchen,  bakehouse,  and  workshops  for 
mechanics.  Halls  were  provided  for  the  spinners  of  flai,  cotton,  and 
wooL  Other  balls  were  set  up  for  weavers,  clothiers,  dyers,  saddlers, 
wool-sorters,  cardent,  combers,  knitters,  and  seamstresses. 

The  next  step  was  to  get  the  edifice  filled  with  suitable  inmates. 
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New  Tear*s  Day  was  tho  boggars'  holiday,  and  tlieir  patron  and 
TdorniGT  chos©  that  day  to  get  hold  of  them.  It  was  the  let  of  Janu- 
ary ^  1790.  In  tho  prosecution  of  hie  deepotic  scheme  all  men  seemed 
to  fall  under  hia  lead*  To  relieve  it  of  the  odium  which  might  accrue 
if  it  wore  efieoted  wholly  by  the  military,  he  associated  with  himself 
and  his  field  officers  the  magistrates  of  Munich.  Thoy  gave  him 
wilUng  sympathy  and  aid.  On  New  Tear's  morning  he  and  the  chief 
magistra,te  walkal  out  together.  With  extended  hand  a  beggar  im- 
mediately accosted  them,  Thompson,  setting  the  eiamplo  to  his 
followers,  laid  his  hand  gently  upon  tho  shoulder  of  the  vagabond, 
committed  him  to  the  charge  of  a  sergeantj  with  orders  to  take  him  to 
the  Townhall,  "  where  he  would  be  provided  for  id  one  way  if  h© 
were  really  helpless,  but  in  another  way  if  he  were  not.'*  Thompson 
encouraged  his  associates,  and  with  such  alacrity  waa  the  work  accom- 
plished, tbat  at  the  end  of  that  day  not  a  single  beggar  remained  at 
liifge.  The  name  of  every  member  of  the  motley  crew  was  inserted  in 
prepared  lista,  and  they  were  sent  off  to  their  haunts  with  instructions 
to  appear  on  the  following  day  at  tho  military  workhouse,  where  they 
would  inhabit  oomfortablo  warm  rooms,  enjoy  a  warm  dinner  daily, 
and  be  provided  with  remunerative  work.  In  tho  suburbs  the  same 
measures  were  followed  up  Buccessfully  by  patrols  of  soldiers  and 
police. 

With  his  ipon  resolution  was  associated,  in  thoeo  days,  a  pl&stic  tact 
which  enabled  him  to  avoid  jealousies  and  collieions  that  a  man  of  more 
hectoriiig  temper  and  less  self-restraint  would  infallibly  have  incurred. 
To  the  schooiti  for  poor  students,  the  Sisters  of  Charily,  the  hospital  for 
leper%  and  other  institutions  had  been  concede<l  the  right  of  making 
periodic  appeals  from  house  to  house ;  German  apiireutices  had  also 
been  permitted  to  beg  upon  their  travels ;  all  of  these  had  their  claims 
adjosted.  After  he  bad  swept  his  strarm  of  paupers  into  the  f[riftrter8 
provided  for  them,  Thotnpam'H  hardest  work  began.  Here  the  in  fieri  lie 
order  which  had  chanicterised  him  througli  life  came  as  a  natiiral  force 
to  hia  aid.  ^*  He  encouraged  a  spirit  of  industry,  pride,  self-  respect^  and 
emulationp  finding  help  even  in  trifling  dislinctiona  of  ap^Mirel/'  Hia 
pauper  workhonae  was  seK-snpporting,  while  its  inmates  wore  happy* 
Fcf  several  years  they  mode  np  all  the  clothing  of  the  Bavarian 
troops,  realising  sometimes  a  profit  of  10,000  florins  a  year,  Thompson 
himself  constructod  and  arranged  a  kitchen  which  pro vi Jed  daily  a 
warm  amt  nutritive  dinner  for  a  thousand  or  fifteen  hundred  persons ; 
an  incredibly  small  amount  of  fuel  sufficing  to  cook  a  dinner  of  this 
magnitade.  The  military  workhouse  was  also  remunerative.  Its 
profits  for  six  years  exceeded  a  hundred  thousand  dollars.  Tho 
tuilitaiy  workhouse  at  Manidieim  was  unfortunately  set  on  fire  and 
rained  during  the  siege  of  the  city  by  Austrian  troops. 

Thompson  had  tho  art  of  making  himself  loved  and  honoured  by 
th«  p^ple  whom  ho  mled  in  this  arbitrary  way.  Some  vary  striking 
illastiations  of  this  are  given  in  the  *  Life  and  Essays/  He  once,  for 
example,  broke  down  at  Munich  under  his  self-impoeed  labours*  It 
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wftB  thought  that  ho  was  d^ing^  and  ono  day  while  m  this  conditioo^ 
his  attoDtiou  was  attracted  by  thoconfaecd  noise  of  a  paesing  multitndd 
in  the  street.  It  was  tho  poor  of  Munich  who  were  going  in  procesaioii, 
to  the  church  to  put  Ttp  public  prayers  fot  Mm.  Pnblie  pmyears !  ** 
h©  exclaims,  '*  for  me,  a.  private  person,  a  stranger,  a  Protestant  I  "  Fou? 
years  afterwards,  when  bo  was  dangerously  ill  at  Naples,  the  people,  of 
their  own  accord^  set  apart  an  hour  each  evening,  after  they  had  fiuiahed 
their  labours  in  the  military  workhouse,  to  pray  for  hie  recovery. 

Men  find  pleasure  in  oxercisiug  tho  powers  they  poBseea,  and 
Eumford  poeaessed,  in  its  highest  and  strongest  form,  the  power  of 
orgamsation.  The  relief  of  the  poor,  which  occupied  his  attention  for 
years,  was  pursued  by  him  as  a  scientific  inquiry.  He  differentia be« 
the  people  who  have  fair  claims  upon  the  State  from  those  whose 
in&rmity  and  iucapaoity  reuder  continuous  assistance  necessary,  hnt 
who  cannot  be  aided  by  compulsory  taxation.  In  this  case  the  prompt- 
ings  of  humanity  must  be  invoked.  Persons  of  high  rank  ought  here 
to  take  tho  lead,  combining  with  those  imracdiately  below  them  ta 
sooiu^e  efficient  super  vision  and  relief.  The  expense  thus  incurred  19 
small  compared  with  that  incidental  to  beggary  and  its  concomitant 
thieving.  Thompson's  hope  and  eonfidouce  never  forsook  him.  He  faced 
nuquailing,  problems  from  which  less  daring  spiritB  would  have  re- 
coiled* He  held  nndoubtingly  that  "  arrangemt-nt,  method^  provision 
for  the  minutest  details,  subordination,  co>o]}eratiou,  and  a  careful 
system  of  statistics,  will  facilitate  and  make  oiFective  any  undertakings 
however  burdensome  and  comprehensive."  Such  a  statement  would 
Buroly  have  elicited  a  bravo  from  Carlylo.  In  him  flexible  wisdom 
formed  an  amalgam  with  despotic  strength.  With  skill  and  resolution 
the  objects  of  public  bcnevolonco  must  be  made  to  contribute  as  far 
as  possible  to  their  own  support.  Tho  homeliest  details  do  not 
escape  him.  Ho  commends  well  dressed  vegetables  aa  a  cheap 
and  wholesome  form  of  nutrition.  He  deecants  upon  the  potato,  he 
gives  mice  for  tho  conBtruction  of  soup-kitchens,  and  determineftj 
tho  nutritive  value  of  difierent  kinds  of  food*  During  his  boy-: 
hood  at  Wobnrn  he  had  learnt  the  nso  of  Indian  corn,  and  at 
Munich  he  strongly  recommends  the  dumplings,  broad,  and  haety 
pudding  that  may  be  made  from  maize.  Pure  love  of  humanity  would 
at  first  sight,  seem  to  haife  boon  the  motive  force  of  ThompRon's  ac-tion. 
Still,  it  has  been  affirmed  by  those  who  knew  him  that  bo  did  not 
really  love  his  fellow  men*  His  work  had  for  him  tho  fascination  of 
a  problem  above  the  capacities  of  most  men,  but  which  ho  felt  himself 
able  to  solve.  It  was  said  to  be  the  work  of  his  intellect,  not  of  his 
heart.  In  refer enee  to  him,  Cuvier  quotes  what  Fontenelle  said  of 
Dodard,  who  turned  his  rigid  observance  of  tho  fasts  of  the  Church 
into  a  scientific  experiment  on  the  efi'octs  of  abstinence,  thereby  taking 
tho  path  which  led  at  once  to  heaven  and  into  the  French  Academy. 
I  should  hesitate  before  accepting  this  as  a  complete  oocouni  of 
Kamford'fl  motives. 

In  tho  north-easterly  environs  of  Munich  a  wild  and  neglected 
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regioti  of  foTOBt  and  marsh,  which  bad  formerly  been  the  huntiDg 
ground  of  the  Elector,  was  convertotl  by  Thompeon  id  to  an  '*  English 
g&tden/'  Pleasure  grounds,  parks,  and  fields  were  laid  out,  and 
surrounded  bj  a  drive  six  miles  long.  Walks^  promenades,  grottos, 
a  Chinese  pagoda,  a  nM^oourse,  and  other  attractions  were  intro- 
ducad  ;  a  lake  was  formed,  aud  a  mound  raised ;  while  a  refreshment 
saloon,  handsomely  fumLshod,  provided  for  the  creature  comforts 
of  the  visitors.  Here,  dnring  Thompson's  absence  in  Enghind  in 
1795,  and  without  his  knowledge,  a  monumont  was  raised  to  com- 
memorate his  beneficent  achievements.  "  It  stands  within  the  garden, 
and  is  composed  of  Bavarian  freestone  and  marble.  It  is  quadrangular, 
its  two  opposite  fronts  being  ornamented  with  baseo-riltevoa,  and  bear- 
ing inscriptions."  The  wanderer,  on  one  side,  is  exhorted  to  halt^  while 
thankfulness  strengthens  his  enjoyment,  "  A  creative  hint  from  Carl* 
Theodor,  seized  upon  with  spirit,  feeling,  and  lovo  by  the  friend  of 
man,  Eumford,  has  eunobled  into  what  thou  now  soest  around  thee 
this  once  desert  region,"  On  the  other  side  of  the  monument  is  a 
1  dedication  to  "  Him  who  eradieated  the  most  scandalous  of  public 
evils^  Idkncss  and  Mendicity  ;  who  gave  the  poor  help,  occupation, 
and  morals,  and  to  the  youth  of  the  Fatherland  so  many  schools  of 
culture.  Go,  waodorerl  try  to  emulate  him  in  thought  and  deed, 
and  us  in  gratitude." 

Humfurd's  health,  as  already  indicated,  had  given  way,  and  in  1793 
I     he  went  to  Italy  to  restcjre  it.  He  wag  absent  fur  sixteen  months,  and 
I     during  his  absence  was  seriously  ill  at  Naples.    Hod  he  been  less 
I     filled  with  his  projects,  it  might  have  been  better  for  his  health. 
Hail  he  known  how  to  employ  the  sanative  power  of  nature,  he 
would  have  kept  longer  in  working  order  his  vigorous  frame.  But 
.     the  mountains  of  Maggiore  were  to  him  less  attractive  than  the 
'     etreeta  of  Verona,  where  he  committed  himself  to  the  planning  of  sonp- 
kitchone.    He  made  similar  plans  for  other  cities,  so  that  to  call  his 
absence  a  holiday  woidd  be  a  misnomer.    He  returned  to  Munich  in 
August  1794^  slowly  recovering,  but  not  able  to  resume  the  manage- 
meut  of  his  various  institutions.  In  September  17^8,  after  an  absence 
'     nf  eleven  years,  he  returned  to  London.    Br.  Ellis  describes  him  as 
^     •^the  victim  of  an  outrage"  on  his  arrival,  the  meaning  of  which 
aeems  to  he  that  his  trunk  containing  hie  |)apor8,  which  was  carried 
behind  his  carriage,  was  appropriated  by  Ijoudon  thieves.    "  By  this 
eniel  robbery,"  he  says,  "  I  have  been  deprived  of  the  fruits  of  tho 
labonre  of  my  whole  life.  ...  It  is  the  more  painful  to  me,  as  it  has 
clouded  my  mind  with  suspicions  that  eon  never  be  cleared  up.** 
What  the  suspicions  wore  we  do  not  know. 

S<»ou  afterwards  he  was  invited  by  Lord  Pelham.  then  Secretary 
for  Ireland,  to  visit  him  in  Dublin ;  he  went,  and  during  his  two 
months'  stay  there,  busied  himself  with  improvements  in  warming, 
cooking,  and  ventiiation,  in  the  hospitals  and  workhouses  of  the  city. 
He  left  behind  him  a  number  of  models  of  useful  mechanism.  The 
Kf^yal  Irish  Academy  elected  him  a  member.  The  gtnnd  jury  of 
Vol,  X,   (No,  76.)  2  r 
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Dublin  preeented  him  with  an  addresfl ;  while  the  Viceroy  and  the 
Lord  Mayor  wrote  to  him  oflSciftlly  to  thank  him  for  his  ser rices* 
Dt,  Elliti  has  not  been  able  to  find  theeo  documents,  bat  they  were 
Been  by  Pictet,  who  describes  them  as  "  Mled  with  the  iqobI  flattering 
expreBsions  of  eateem  and  gratitude," 

Id  KuuifoNre  case  the  life  of  the  mind  appeared  to  Bard  interfered 
with  the  life  of  the  affeotiona.  Whoa  he  <initt6d  America,  ho  left  his 
wife  and  infant  daughter  l>ehind  him,  and  whether  there  were  any 
oonimunicationB  aficu'WArdn  between  him  and  them  is  not  known.  In 
1793,  in  a  letter  to  Lib  friend  Baldwin,  he  expressed  the  desire  to 
vif^it  hi^  native  eouutry>  lie  also  wished  exceedingly  to  be  personally 
ac4}uatntcid  with  his  daughter,  who  was  then  mneteen.  His  affection 
for  his  mother,  which  appears  to  hayo  been  very  real,  also  Rp|>ear8  in 
bis  letter.  With  reforence  to  this  projected  visit,  ho  asks,  ^'  Shoithi 
I  l)e  kindly  received  ^  Aro  the  remains  of  party  spirit  and  poJitical 
perfieeutions  done  away  9  Would  it  be  neceseary  tu  ask  kwve  of  the 
State  '/  "  A  year  prior  to  the  date  of  this  letter,  Ruroford's  wife  had 
died,  at  the  age  of  fifty-two.  On  the  29th  of  Jauuary,  179(),  hie 
daughter,  who  wag  familiarly  called  "  Sally  Thompson/'  saHcHl  for 
London  to  Bee  her  father.  She  had  a  tedious  passage^  but  soon  after 
her  orrival  she  writes  to  her  friend  Mrs.  Baldwin,  "All  fatigne  and 
anxiety  are  now  at  an  end,  siuee  my  dear  father  is  weU  and  Iotcs 
me. 

In  a  *  History  of  her  Life,'  written  many  years  afterwards,  she, 
however,  deseri bee  the  dieappointmciit  Bho  experienced  on  first  meeting 
her  father.  Her  imagination  had  sketohed  a  fancy  pictnro  of  him. 
She  "  had  heard  him  s^priken  of  as  an  oflieer,  and  hud  attached  to  this 
an  idea  of  the  warrior  with  a  martial  look,  possibly  the  sword,  if  not 
the  guD«  by  his  gide.*'  All  this  disappeared  when  she  eaw  hiin.  Ho 
did  not  strike  her  as  Imndsorae,  or  even  ^reeable,^a  result  in  part 
due  to  the  faet  that  he  bad  been  ill  and  was  very  thin  and  pale.  8he 
speaks,  however,  of  his  laughter  quite  from  the  heart,"  while  the 
depression  of  his  mouth,  with  teeth  described  as  "  the  most  fiuished 
pearls,"  was  sweetness  itself*  He  did  not  seem  to  manage  her  very 
iUQoeasfulIyi  She  had  little  knowlecige  of  the  world,  and  her 
purafaaEes  in  London  he  thought  both  extravagant  and  e^c  Ira  ordinary* 
After  having,  by  due  discipline,  learnt  how  to  make  an  English 
courtesy,  to  the  horror  of  her  father,  almost  the  first  use  she  mfule  of 
her  newly  aoq^uired  accomplishment  was  to  courtesy  to  a  h&xim- 
kt^eper. 

His  lalwurs  in  the  production  of  cheap  and  nntritivo  foo4  necea^ 
sarily  directetl  Ruroford*s  attention  to  fireplaces  and  chimney  fines. 
V/hen  he  first  published,  his  e«isay  on  this  subject  in  London,  he 
reported  that  he  had  not  Ic&n.  than  five  hundred  smoky  chimneys  on 
bis  hands.  His  aid  and  advice  were  always  ready,  and  were  given 
iudtscriminatoly  to  all  sorts  and  conditions  of  men.  Devonshire 
House,  Sir  Jciseph  Banks',  the  Eirl  of  Bessborough'a,  Ck>uutDfi8 
Bpencer's,  Melbourne  House,  Lady  l^empleton's,  Mrs,  Moiitagn^s, 
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Lord  8udley*«,  the  Mai^uts  of  Salisbiiry's,  and  a  hundred  and  fifty 
other  Uon^s  in  London  were  placed  in  his  cure.  Tho  saTiDg  of  fuel, 
with  gftin  instea4l  of  lofss  of  warmth,  varied  in  these  caecs  from  one- 
half  to  two-thirdfl»  "  Giving  yery  simple  and  intelligible  information, 
about  the  philosophical  principleB  of  combustion,  Tentilation,  and 
draughts,  he  prepared  careful  diagrams  to  show  the  proper  meaaure- 
ntents,  diBpoRaL,  and  arrangements  of  all  the  parts  of  a  fire-place  and 
He  took  ont  no  patent  for  hie  invention  b,  but  left  them  free  to 
the  pnblie.  In  a  poem  published  at  this  time  bj  Thomas  Jamea 
Matihins  we  have  the  following  appreciative  reference  to  the  labours 
of  Bumfoid : — 

^^NoTiBenee,  or  sense,  Vll  bear  in  any  almpe 
Id  (!Own,  in  luwn,  in  enQine,  or  in  crape ; 
"Wliafa  a  fine  tjpe,  wbera  truth  exerta  her  rule  ? 
Science  is  at-ience,  ami  a  fool's  a  fool, 
Y^t  all  ulmll  ri?ad,  and  uU  that  page  approve, 
WhOQ  puMic  spirit  moeta  with  puhlic  love. 
Tliufl  latft,  whoTi?  poTtfrtT  with  rapine  dwelt, 
Kiiaiford'o  kiml  gieuiiis  the  BftTsirian  felt. 
Not  by  romaalic  charities  bep:uiteii. 
But  CHlm  in  prnjeot,  and  La  mercy  mild ; 
Where'er  hift  wijdom  guided,  none  wiihbtood, 
Content  Tith  peace  and  practieabLe  good ; 
Round  hitn  the  lahonren  thrnn^,  the  nobleji  wait^ 
Friend  of  the  p(M>r,  and  gufurdlan  of  the  atate.** 

The  pall  of  smoko  which  habitually  hung  London, "  covering 
bIL  its  prominent  edifices  with  fk  dingy  and  Booty  mantle,"  cnrionsly 
and  anxiously  interested  him.  He  '*  saw  in  that  smoke  the  unneed 
material  which  ues  turned  6<^ttfilly  to  waste  and  made  a  meanB  of 
annoyance  and  insalubrity,"  He  would  bind  himself,  if  the  opi>or- 
tnnity  were  allowed  ImUj  "to  prove  that  from  the  heat,  and  the 
material  of  heat,  which  were  thus  wast^,  that  he  would  cor>k  all 
the  food  used  in  the  city,  warm  every  apartment,  and  perform  all  the 
mechanical  work  done  by  means  of  fire."  Under  heat  Knmford  would 
doubtless  compriiie  both  the  imperfectly  consumed  gases  such  as  car- 
bonic oxitle,  and  the  heated  air  and  other  gases  discharged  by  the 
chimneys. 

There  is  no  doubt  that  the  preseut  age  has  entered  largely  into 
the  labours  of  Humford.  Mauy  of  the  devices  and  conveniencen 
now  employed  in  our  kitchens  owe  their  origin  to  bim.  The  pne^ 
tioal  net^ds  and  mechanical  ingenuity  of  bis  own  countrymen  haye 
caused  them  to  follow  his  lead  with  conepicuotis  success.  We  have, 
for  example,  in  our  modest  little  kitcbdu  in  the  Alpe,  an  American 
oven,  which,  with  the  eipenditarc  of  an  estremely  small  amount  of 
fire-wood,  heats  our  batljs,  €(»oks  our  meat*  hnkes  our  bread,  boils  our 
clothcflf  and  contributes  to  the  warmth  and  comfort  of  the  house. 
This  arrangement  trairea  its  pedigree  to  Bumfofd. 

In  17116  he  founded  the  historic  medal  which  bears  hi  a  name, 
II  the  12th  of  July  of  that  year  he  wrote  thns  to  Sir  Joseph 

2  r  a 
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Banks,  then  President  of  the  Hoyal  SociGty :  "  I  take  the  libertjr  to 
request  that  the  Eoyal  Society  would  do  me  the  honour  to  accept  of 
£1000  stock  in  tliG  Fundfl  of  thia  country,  which  I  have  actually 
purchased,  and  which  I  beg  leave  to  transfer  to  the  President^ 
Coimcil,  and  F«llow8  of  the  Royal  Society,  to  the  end  that  the 
interest  of  the  same  may  ho  by  them,  and  by  their  snccefisors,  received 
from  time  to  time  for  ever,  and  the  amount  of  the  same  applied  and 
given  once  every  second  year,  as  a  premium  to  the  autljor  of  the  most 
important  discovery  or  useful  improvement  which  Khali  bo  made,  or 
published  by  printing,  or  in  any  way  made  known  to  the  public^  in  any 
part  of  Europej  during  the  preceding  two  yeai'Sj  on  Heat  or  Light/' 

He  adds  in  a  subsequent  letter,  as  further  defining  his  wishes, 
that  the  premium  ahonld  he  limited  to  new  discoveries  tending  to 
improve  theories  of  Fire*  of  Heat,  of  Light,  and  of  Colours,  and  to 
new  inventions  and  contrivances  by  which  the  generation,  and  pre- 
eerration,  and  management  of  heat  and  of  light  may  be  facilitated. 
The  device  and  inscriptions  on  the  medsil  were  detennined  by  »  com- 
mittee. It  was  resulved  ^^that  the  diameter  of  the  medal  do  not 
exceed  three  inches,  and  that  Mr.  Milton  be  employed  in  sinking  the 
dies  of  the  said  medal,"  Two  medals  are  always  given,  one  of  gold, 
the  other  of  silver,  and  a  sum  of  about  seventy  pounds  usually  accom- 
panies the  medals.  Bumford  himself  was  the  first  recipient  of  the 
medal.  The  second  was  given  to  Sir  John  Leslie,  the  founder's  cele- 
brated rival  in  the  domain  of  radiant  heat  On  the  same  dale 
Bumford  presented  to  the  American  Aeailemy  of  Arts  and  Seie&ees 
the  same  sum  for  the  promotion  of  the  same  object.  In  fact  the 
letters  to  Sir  Joseph  Banks  and  to  the  Htmourable  John  Adamg^  then 
President  of  the  Ameritim  Academy,  are  identical  in  terms.  For  & 
long  series  of  yoatH  the  American  Academy  did  not  consider  that 
the  candidates  for  the  medal  had  reached  the  level  of  merit  which 
would  justify  its  award*  No  award  was  therefore  made  ;  and  in  1829 
the  Btuiiford  bequest  had  increased  from  five  thousand  to  twenty 
thousand  dollars.  After  some  litigation  the  terms  of  the  bequest 
were  extended  to  embrace  applications  of  it  far  beyond  the  degigu  of 
the  testator.  Permissifm  was  obtained  to  apply  the  fund  to  the 
publication  of  l>ooks,  or  methods  of  discovery,  bearing  on  the  Counf « 
favourite  sabjeets  of  esperiment ;  and  to  the  aid  and  reward  of  scien- 
tific workers.  Thus,  in  1839,  Dr*  Hare,  of  Phiiadelphio,  received  from 
the  Academy  six  hundred  dollars  for  his  invention  of  the  cotnpouud 
blow-pipe,  and  his  improvomontB  in  galvanic  apparatus.  In  1862  the 
Bumford  medal  was  awarded  to  Mr.  John  B.  Ericsson  for  his  calorie 
engine ;  while  Mr.  Alvau  Clark,  so  celebrated  for  his  improvements  of 
the  refracting  telescope^  and  the  eminent  D|*.  John  Draper  of  the 
University  of  New  York,  have  been  also  numbered  among  the 
recipients. 

Accompauied  by  his  daughter,  Eumford  returned  to  Oermanj 
in  1796,  "  Three  weeks'  constant  travel ;  circuitous  routes  to  avoid 
ttoopA ;  bad  road^ ;  etill  worse  aocommodations ;  pasaing  nights  in 
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the  carriages  for  the  want  of  an  inn;  Btautincss  of  proviskmSt  joined 
with  great  fatigue,  rendered  our  joTirney  by  do  means  af^oable." 
At  Mttnick  they  were  lodged  in  the  Bplendid  house  allotted  to  the 
Count.  France  and  Anstria  were  then  at  war,  while  Bavaria  Rought 
%o  remain  rigidly  neutral >  Eight  days  after  Eumford^s  arrival,  tho 
Elector  took  refuge  in  Saiony*  Moreau  had  crossed  the  Rhino  and 
threfttenod  Bavaria*  After  a  defeat  by  the  Fronchj  the  Austriuua 
withdrew  to  Munich,  but  found  the  gatcB  of  the  city  closed  against 
them.  They  planted  batteries  on  a  height  conunanding  the  city. 
Acoording  to  arrangement  with  the  Elector,  Humford  assumed  tho 
command  of  the  Bavarian  forces,  and  l>y  hia  firmness  and  presence  of 
mind  prevented  either  French  or  Austrians  from  entering  Munich, 
A  foreigner  acting  thus  was  sure  to  eicit©  jealousy  and  encounter  nppo- 
fiitioD,  but,  despite  aU  this,  he  was  emineutly  successful  in  realising 
hia  aims.  The  consideration  in  which  ho  was  held  by  tho  Elector 
is  illustrated  by  tho  fact  that  he  mailo  Misa  Thompson  a  CountcJ^s  of 
the  Empire,  conferring  on  her  a  pension  of  200/.  a  joar,  with  liberty 
to  enjoy  it  iji  any  comntry  where  she  might  wish  to  reside. 

The  following  incident  is  worth  recording.  Ja  March  1796, 
Eumford  &  daughter,  wishing  to  celebrate  his  birthday,  choae  out  of 
bis  workhouse  a  dozen  of  the  most  iii^lustrious  little  boys  and  girls, 
dressed  them  up  in  the  uniform  of  that  efitablishment,  and  robing 
heraelf  in  white,  led  them  into  his  room  and  presented  them  to  him. 
He  WAS  BO  much  touched  by  the  incident,  that  he  made  her  a  present 
of  two  thousand  dolli-ra  (4001.)  on  condition  that  she  should ,  in  her 
will,  apply  the  interest  of  the  sura  to  the  clothing,  every  year  for  e?er, 
on  her  own  birthday,  of  twelve  meritorious  children — mx  girls  and  sir 
boys— in  the  Munich  uniform.  The  poor  children  were  to  be  chosen 
from  her  native  town,  Concorde  Habit  must  to  some  extint  have 
blinded  Hnmford's  eyes  to  the  objection  which  independent  New 
Englauders  were  likely  to  make  to  this  fantAetic  appareL  They 
bluntly  stated  their  objections,  but  '*  with  grateful  hearts  "  they  ntjver- 
theleea  expressed  their  willingncea  to  accept  the  donation.  Nothing 
further  was  done  during  Humfurd's  lifetime. 

The  New  England  girl,  brought  up  in  Concord,  transplanted 
thence  to  London,  and  afterwards  to  Munich,  was  subject^  to  a 
lomewhat  trying  ordeal.  After  a  short  period  of  initiation,  she 
ftppeiLrs  to  have  passed  through  it  credit4ibly.  Her  writing  does 
nut  €:j(hibit  her  as  possessing  any  marked  qualities  of  intellect.  She 
w«s  bright,  gt'Sfiipy,  "volatile,"  and  throws  manifold  gleams  on 
the  details  of  Hum  ford's  life.  He  constantly  kept  a  box  at  the  opera, 
^ongh  he  hardly  ever  went  there,  and  hired  by  the  year  a  doctor 
name<l  Haubenal.  She  amusingly  describes  a  <|uintuple  present  made 
to  her  by  her  father  soon  after  her  arrival  in  Munich,  The  first 
item  waa  "  a  little  shaggy  dog,  as  white  as  snow,  excepting  black  eyes, 
ears  and  nof^e " ;  the  second  was  a  lady  named  Vemtzy,  who  was 
mil  to  teach  her  French  and  music ;  the  third  was  a  Catholic  prtest, 
luun^  DilKs,  who  was  to  bo  her  drawing  master ;  the  fourth  was  a 
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teaeber  of  Italian,  named  Alberti ;  and  tbe  fifth,  the  before-meationpd 
Dr.  Haubenalj  who  was  to  look  after  her  health.  She  did  not  at  oil 
ILke  the  arrangomeut.  She  was  particularly  surprised  and  shocked  at 
a  doctor's  offeiins^  his  servioos  before  they  were  wanted*  "  Said  I  to 
myself,  surronoded  by  people  who  speak  French — aod  all  genteel 
pooplo  speak  it  at  Munich — and  knowing  conaidorablo  of  the  lan- 
guage already,  where  ie  the  use  of  my  fatiguing  myeelf  with  moat^jrs  f 
Music  the  same  "  In  fact  the  little  dog  "  Cora  "  was  the  only  wel- 
come eoustituent  of  the  gift. 

She  describes  with  considerable  spirit  a  bidl  which  was  organised 
to  celebrate  her  father's  birthday.  All  united  to  do  him  honour. 
Wreaths  surrounded  his  bust;  bis  workhouse  children.  Joined  by 
some  children  of  the  nobility,  all  dressed  in  white,  handed  addresse* 
to  him,  and  sang  in  accompaniment  to  the  swell  of  mnsio  of  which 
be  was  passionately  fond.  All  this  was  arranged  without  his 
knowledge,  and  poBsibly  not  without  an  intention  to  gire  dramatic 
force  to  a  rovelatioo  mado  at  the  time.  It  was  observed  that 
Rumford  had  singled  out  from  the  children  a  little  girl  of  eighty 
who  accompanied  him  when  h©  walked^  and  took  her  plaeo  beside 
him  when  he  sat.  The  little  girl  was  his  illegitimate  child.  Sarah, 
on  learning  this,  was  stunned,  threw  henself  into  the  dance  that 
she  had  previously  declined,  and  thus  whirled  away  her  indigna- 
tion. Her  partner  was  the  young  Count  Taxis,  Eum ford's  aide- 
de-camp,  between  whom  and  Rumford's  daughter  a  frientUy  intimacy 
was  obviously  growing  np.  Ramford  noticed  this,  and  diaajjproved  of  it. 
Being  invited  to  dinner  at  the  house  of  the  Oountess  Lerchenfeld, 
with  her  father's  consent  Mies  Thompson  went.  Count  Taxis  hap- 
pened to  be  one  of  the  party,  and  on  hearing  this  Rumford  jumped  to 
the  conclusion  that  a  ladies'  conspiracy  was  afoot  to  connteraet  his 
wishes.  With  a  lowering  look  he  taxed  his  daughter  with  what  he 
supposed  to  be  an  intrigue.  At  first  she  could  only  stare  at  him  in 
smrprifie.  "  After  which,  on  knowing  what  it  meant,  like  many  young 
people  who  laugh  when  there  is  nothing  to  laugh  at,  an  irresistible 
inclination  seized  me  to  laugh,"  She  gave  way  to  her  inclination, 
**  and  it  ended  in  my  father's  boxing  my  earts,"  She  was  stunned  by 
the  indignity  and  quitted  the  room,  without  making  an  observation^ 
or  trying  to  appease  him  by  saying  I  was  innocent." 

The  elector  put  the  seal  to  his  esteem  for  Kuniford  by  appointing 
him  as  llenipotentiary  from  Bavaria  to  the  Court  of  London.  King 
George,  however,  declined  to  accept  him  in  this  capacity,  Mr*  Paget, 
the  minister  at  the  court  of  Bavaria,  was  desired  to  lose  no  time  in 
apprising  the  ministers  of  His  Eleotoral  Highuet^  that  such  an 
appointment  would  bo  by  no  m^ns  agreeable  to  His  Majesty,  and  that 
His  Mftjosty  relies  therefore  on  the  friendship  and  good  understanding 
which  has  always  hitherto  subsisted  between  himself  and  the  Elector 
of  Bavaria,  and  that  His  Highness  will  have  no  hesitation  in  with- 
drawing it."  The  King  had  made  up  his  mind.  Should  there 
unexpectedly  arise  any  difficulty  about  a  compliance  with  the  ro- 
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quest,  ^bieh  HIb  Mfljeetj  is  bo  ckarly  warranted  in  mnkiag,  I  am 
direct  you,  iu  iha  imt  resoi't,  to  state  iu  distioct  terms  that  His 
Msjestj  vrHl  by  »o  means  consent  to  receive  Count  Kumford  in  the 
chmructer  which  has  been  assigned  to  hini,'*  The  fact  of  Rumfortra 
beiDg  not  only  a  Britisli  subject,  but  that  he  had  actually  filled  a 
coufideutial  dtuation  under  the  Britifih  GoverDineut,  wafo  cited,  as 
teuderiug  hifi  fip[)oiutment  peculiarly  objectionable.  Some  corrcBpoa- 
detice  ensued  between  Lord  Greurille  and  Bumford,  but  the  appoiut- 
meut  mis  Dot  ratidod* 

Bumford  was  obvioTisly  stung  by  tho  refusal  of  King  George  to 
accept  bim  as  Bftvadan  mini  star ;  aud  the  thought  %vhtch  had  often 
occurred  to  him  of  returning  to  his  nfttive  country  now  revivoil.  Mr. 
Bufna  King  was  at  that  time  American  Ambaseadur  in  London ;  and 
h%  by  Eamford'«  desire,  wrote  to  Colonel  Pickering,  then  Secretary 
of  State  fur  the  Unltt^d  StatoB,  informing  him  that  iutrignos  in 
Bavaria,  and  the  refusal  of  the  English  king,  hod  caused  the  Count 
to  decide  on  establishing  himself  at,  or  near,  Cambridge,  Massachugetts., 
Mr.  King  describes  the  Count's  intention  to  live  in  the  character  of 
a  German  nubleraan,  renouncing  all  political  action,  and  devoting 
himself  to  literary  pursuits,  Mr.  King  describes  Rumford  as  having 
bad  ftJiich  experience  of  cannon  fouu dries ;  and  as  having  made  im> 
[Kir taut  improvements  in  the  mountiug  of  flying  artillery.  Ho  was, 
moreover,  the  possessor  of  an  extensive  military  library,  and  wished 
nothing  more  ardently  than  to  be  useful  to  his  native  country.  They 
had  ma<le  provisiou  for  the  institution  of  a  military  academy  in  tho 
United  States.  This  they  offered  to  place  under  the  superintendence 
of  Humlbrd*  **  I  am  authori^ied,"  said  Mr.  King,  "  to  offer  you,  in 
addition  to  the  superintendence  of  the  military  academy,  the  appoiut* 
nient  of  lDsj»ector  General  of  the  Artillery  of  the  United  States ;  and 
wo  uhall  moreover  be  disposed  to  give  to  you  such  rank  and  emolu- 
ments as  would  be  likely  to  afford  you  satisfaction,  and  to  secure  to 
us  the  advantage  of  your  service." 

The  hour  for  the  final  decision  approached^  but  before  it  arrived 
another  project  had  laid  hold  of  Enniford's  imaginutiuu — a  project 
which  in  its  results  has  proved  of  more  importance  to  science,  and  of 
more  advantage  to  mankind,  than  any  which  this  multifarious  genius 
had  previously  undertaken.  This  project  was  the  foundation  of  the 
Royal  Institution  of  Great  Britain*  In  answer  to  the  American 
Ambasg-ador,  he  says,  "  Nothing  could  have  afforded  me  so  much 
Batisfaetion  as  to  have  had  it  in  my  power  to  have  given  to  my 
]jl»ora]  and  generous  countrymen  such  proof  of  my  sentiments  as 
would  in  the  most  public  and  ostensiblo  manner  have  evincofl,  not 
only  my  gratitude  for  tho  kind  attentions  I  have  received  from  them, 
but  ulso  the  anient  desire  I  fed  to  assist  in  promoting  the  prosperity 
of  my  native  country.  But  engagements,  which  great  obligations 
have  rendered  sacred  and  inviolable,  put  it  out  of  my  power  to  dispose 
of  my  time  and  service s  with  that  unreasoned  freed uni  which  would 
be  necessary  in  order  to  enable  mo  to  accept  of  those  generous  offers 
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wbicb  tlio  Erecutive  GoTemmeiit  of  the  United  States  bos  beea 
pleflaed  to  propose  to  mo." 

The  olimato  of  Europe  did  not  seem  to  suit  the  Coimtess  Samh. 
Possibly  the  eiraplo  tastes  and  habits  of  her  childhood  were  too 
deeply  ingrained  in  her  coustitutioa  to  permit  of  her  deriTing  any 
roal  eojojmeut  from  the  outsided,  and  apparently  noisy  life,  which 
she  was  forced  to  lead  in  Munich  and  Loudon.  Be  this  as  it  may, 
she  returned  to  America,  reaching  the  port  of  Boston  on  October  10th, 
1799,  *'  being  then  just  twooty-five  years  of  age,"  Eamford  himfielf 
remained  in  Euglaud  with  the  view  of  reaiifiiog  what  I  have  called 
the  greatest  projixst  of  hie  life^ — the  founding  of  the  Royal  Institution, 

His  ideas  on  this  subject  took  definite  shape  in  1799.    They  were 
Bet  forth  in  a  pamphlet  of  fifty  pages  bearing  the  following  lengthy 
title :  "  Proposals  for  forming  hy  subscription,  in  the  metropolis  of 
the  British  Empire^  a  public  instittition  for  disusing  the  knowledge' 
and  facilitating  the  general  introduction  of  useful  mechanical  inren* 
tiona  and  improvements,  and  for  teaching,  by  courses  of  philosophical 
lectures  and  experimentSj  the  appHcatiou  of  science  to  the  common 
purposes  of  life,"    The  introduction  to  this  pamphlet  is  dat«d  from 
Eumford's  reaidenco  in  Brompton  Eow,  March  4th,  1799.    His  aim 
he  alleges  to  be  to  cause  science  and  art  to  work  together;  to 
esteblish  relations  between  philosophers  and  workmen  ;  to  briog 
their  united  eiforts  to  bear  in  the  improvement  of  agriculture,  manu- 
factures, cotmnerce,  and  in  the  augmentation  of  domestic  contfortfi. 
He  specially  dwells  on  the  management  of  fire,  it  being,  as  ho  thinks^ 
a  subject  of  peculiar  interest  to  mankind.    Fuel,  he  asserted,  cost  the 
kingdom  more  than  ten  millions  sterling  annually,  which  was  much 
more  than  twice  what  it  ought  to  cost.    liumford  know  human  nature 
well,  and  for  the  greater  portion  of  his  life  knew  how  to  appeal  to  it 
with  effect.    In  fact,  the  knowledge  never  failed  him,  though  towards 
the  end  irritftbility,  duo  to  ill-health  and  crosses  of  various  kinds^ 
rendered  him  less  able  to  apply  the  knowledge  than  when  he  was  in 
the  blossom  of  his  prime.  As  regards  the  suceess  of  his  new  scheme, 
he  urged  upon  the  eicellent  men  with  whom  ho  acted  the  necessity 
of  making  the  indolent  and  luxurious  take  an  interest  in  it.  Such 
persons,  he  says^  "  must  either  be  allured  or  shamed  into  action." 
Heuce,  he  nrges,  the  necessity  of  making  bonevoleoce  "  fashionable," 
It  ought  to  bo  mentioned  that  Kumford  at  this  time  could  oonnt 
on  the  flympathy  and  active  support  of  a  number  of  excellent  men, 
who,  in  advance  of  him,  had  founded  a  "  Society  ffjr  bettering  the 
condition  and  increasing  the  comforts  of  the  poor."    Kumford  songht 
the  aid  of  the  committee  of  this  society.    It  was  agreed  on  all  hands 
that  the  proposed  new  Institution  promised  to  he  too  important  to 
permit  of  its  being  made  an  appendage  to  any  other.    It  was  resolved 
that  it  should  stand  alone,    A  committee  coDsistiug  of  eight 
membera  of  the  above  society  was,  however,  appointed  to  confer  with 
Bumford  regarding  his  plan.    To  each  member  of  this  committee  be 
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eubniitted  a  etatctneut  of  hie  views.  Theea  are  in  part  set  fortli  in 
the  title  to  hh  paiQplLlet  already  quoted^  The  aim  of  ihe  iDstiUitioii^ 
furthefmore,  was  to  excite  a  spirit  of  impravement  among  all 
ranks  of  Bocietjr,  and  to  aCTord  tbe  mo»k  efiTectual  asBintatice  to  tboi^e 
who  are  engaged  in  the  various  puraiiits  of  useful  iiidusLry."  He 
begs.  Low  oyer,  that  Hie  Majesty's  Minietere  way  bo  informed  of  tiie 
intention  of  the  founders  of  the  InBtitution  to  accept  his  Bervioefl. 
This  he  dceme  neeeg«ary  because  of  his  being,  io  the  first  place,  a 
iubject  of  His  Majesty^  and  also,  by  His  Majei5ty*fl  special  permission, 
the  eerrant  of  a  foreign  prince.  He  rccommenda  that  the  Govern- 
ment  should  be  fully  informed  uot  only  as  to  the  geiteml  aims  but 
■Iso  of  the  details  of  the  schenitj,  and  then  asked  for  eountenance  and 
support  in  carrying  it  into  execution. 

The  committeo  met  and  rutified  Riimford's  proposals.  They 

j  agreed  that  eubHcrihere  of  fifty  guineas  each  ehould  bo  the  perpetual 
proptietore  of  the  Institution;  that  a  contribution  of  ten  guineas 
shooid  fiecare  the  priTilegos  of  a  life  subscriber ;  whilst  a  subscrip- 
tion of  t^vo  guineas  ^should  constitute  an  annual  subscriber.  Besides 
other  importaDt  rights,  each  proprietor  was  to  receive  two  tranfiferable 

I  tickets,  admitting  to  every  part  of  the  Institution,  and  to  all  the 
lectures  and  eiperimeots.  Each  life  subscriber  was  to  receive  one 
ticket,  not  transferahle,  securing  free  admigeion  to  every  part  of  the 
establishment,  and  to  ail  lectures  and  experiments.  An  annual  sub- 
Sfxriber  had  a  single  ticket  for  a  single  year,  but  might  at  auj  time 
becsome  a  life  subscriber  by  the  additional  payment  of  eight  gumeas. 
The  managers,  nine  in  number,  were  to  be  choeen  by  ballot  by  the 
proprietors.  The  managers  were  to  be  unpaid  and,  witliuut  any 
peeuniary  advantage  to  thcmeolvcs,  were  held  solemnly  pledged  tf)  the 
faithful  discharge  of  thuir  duties.  Three  were  to  constitute  a  quorum » 
but  in  special  cases  six  were  miuired,    A  Comiuittco  of  Viisitors  was 

i  sJao  appointed,  the  same  in  number  as  the  Committee  of  Managera, 
and  holding  office  for  the  mane  number  of  years. 

The  managers  were  to  devote  the  surplus  funds  of  the  Institution 
to  the  purchase  of  models  of  inventions,  and  improTemeuts  in  the 
mechanical  arts ;  and  a  room  in  the  Institution  was  to  be  devoted  to 

^^the  reception  of  them.    The  room  still  exists,  and  though  diverted 

|Bfrom  its  original  puipose,  is  called    the  Model  R*Jom/*    A  general 

^^meetin*gof  the  proprietors  was  held  at  the  house  of  Sir  Joat-ph  Banks, 
in  80I10  Sf^uare,  on  the  7th  of  March,  1799.  Fifty-eight  j>ersions, 
comprising  men  of  distinction  in  science,  members  of  Parliament  and 
of  tb«  nobility,  including  one  bishop,  were  found  to  have  qualified  ns 
proprietors  by  the  subscription  of  fifty  guineas  each.  The  prelate 
Was  the  Bishop  of  Durham.  'I'he  Committee  of  Managers  was  chuscn, 
and  th^y  held  their  first  meeting  at  the  house  of  Sir  Joseph  Banks  on 
tko  9tli  of  March,  1799.  Mr.  Thomas  Bernard,  one  of  the  moat  active 
memb^rB  of  the  Society  froTu  whose  committee  the  first  mutiaii^crs 
nm  ehoaoQ,  was  appttintetl  Secretary.    To  Rumfiird  and  Benmrd 

I     WIS  delegated  the  duty  of  preparing  a  draught  of  a  charter  ;  while 
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Earla  Morton  and  Spencer,  Sir  Joseph  Bankfi,  and  Mr,  Palliain,  were 
requested  "to  lay  tlie  proposals  before  His  Majesty,  tbe  Hoyal 
Fumily,  the  MiiiiBtcri;,  tlm  great  officers  of  State,  tho  members  of  botb 
Houses  of  Parliament,  of  tlio  Pri?y  Coimcil»  and  before  the  twelve 
judges." 

On  the  lath  of  January,  1800,  the  Royal  Seal  was  attached  to  the 
ChiTTter  of  the  Institution.  In  the  samo  year  was  published,  in 
quarto  form,  '  The  Prospoctufl,  Charter,  OrdinancOj  and  Byc-lawe  of 
the  Hoyal  InBtitution  of  Groat  Britain.'  The  king  was  its  Pafcron, 
and  the  first  olficers  of  the  Institution  were  appointed  by  bim.  The 
Earl  of  Wiuchilsea  was  President,  Lord  Morton^  Lord  Egremont, 
and  !;;ir  Joseph  Bttuks  were  Yice-Prcsidents.  The  managers,  chosen 
by  sealed  ballot  by  the  proprietors,  were  divided  into  three  classes  of 
three  eat;!i ;  tbe  first  class  Bcrving  for  ouOj  tbe  second  for  two,  and  tbo 
third  for  three  years*  The  Earls  of  Bossborongh,  Egremont,  and 
Morton,  respectively,  headed  the  ligta  of  the  three  classes.  Kumford 
himself  was  appointed  to  serve  for  three  years.  The  three  lists  of 
Visitors  were  headed  by  tbe  Duke  of  Bridgewater,  Visconnt  Palmer- 
ston  and  Earl  SiK^ncer,  rospoc lively.  That  Rnmford  possessed  the 
power  of  persuaeiouj  and  the  infection  of  oiUhusiasm^  is  sufficiently 
demonetrated  by  this  powerful  list.  But  neither  poreuasion  nor  on- 
thusitism  might  have  been  found  avail iug  Lad  not  his  actual  achieve- 
ments iu  Bavaria  oceupied  the  background.  The  fij'st  Profesaur  of 
Natoral  Philosophy  and  Chemistry  was  Dr.  Thomas  Garnett,  while 
tbe  first  Treasurer  was  Mr.  Thomas  Bernard.  But  this  was  not 
enough,  A  home  and  foreign  secretary,  legal  counsel,  a  solicitor 
and  a  clerk*  w^ere  added  to  the  Hst.  One  rule  establiabod  at  this  time 
has  bfien  adliered  to  with  great  fidelity  to  the  present  day.  Ko  puLi^ 
tical  subject  was  to  be  mentioned  in  the  lecturos. 

la  a  somewhat  fiorid  style  Bum  ford  (for  be  was  obTiouBly  the 
writer)  descants  on  tbe  name  and  objects  of  the  new  project.  The 
word  Institution  is  chosen  because  it  had  been  least  used  prc- 
viously,  and  because  it  best  indicates  the  objects  of  tbo  now 
society.  The  influence  of  the  mechanical  arts  ou  the  progress  of 
civilisation  and  refinement  is  pointed  out  and  illustrated  by  rcifereuce 
to  nations,  provinces,  towns,  and  even  villages  which  thrive  in  pro^ 
portion  to  the  activity  of  their  imlustry*  '^Exertion  tjaickens  th» 
spirit  of  inveution^  makes  science  flourish,  and  increases  the  moral 
and  physical  powers  of  man."  The  printing-press,  navigation^  gau- 
powder,  the  b team-engine^  are  referred  to  as  having  changed  the 
whole  com-se  of  human  affairs.  The  slowness  with  which  improve- 
ments  make  their  way  among  workmen  is  ascribed  to  the  infl^uence  of 
habit,  prejudice,  suspiGion,  jealousy,  dislike  of  chango,and  the  narrow- 
ing effect  of  tbe  snbdi viaion  of  work  into  many  potty  occupations*  But 
fdownesa  is  also  due  to  the  greed  for  wealth,  tbe  desire  for  monopoly, 
the  spirit  of  secret  intrigue  exhibited  among  manufacturers.  Bet  ween 
these  two  the  philosopher  steps  in,  whose  business  it  is  "  to  examine 
every  operation  of  nature  and  art,  and  to  establish  genei'al  theories  lor 
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the  direetion  and  couductiDg  of  future  prDce^eoe."  But  pLilosopliera 
may  bew>mo  dreamers,  aod  tliey  hiivc  tbort:fure  habitually  to  b^j  called 
back  to  the  etady  of  practical  quofetione  which  bear  uxnin  the  onlinary 
pareaits  of  life,  Scietico  aiid  practice  are,  in  short,  to  interact,  to  the 
adyantage  of  both,  Thlti  object  may  be  promoted  by  the  offering  of 
premiutmi,  as  done  by  the  Society  of  Arts,*  by  the  granting  of  patents  x 
and,  finally,  by  the  melhod  of  the  now  luatitutioa — tho  iliffusioa  of 
the  knowledge  of  useful  mechanical  iureutioDK,  aud  their  iutroduction 
into  life. 

One  of  the  first  practical  steps  taken  towards  the  realisation  of 
these  ideas  waa  the  pnrclia^c  of  the  house,  or  rathor  houiea,  iu 
Albemarle  Street,  in  which  we  are  now  assembled » and  their  moflifica- 
tion  to  suit  the  objects  in  view.  Rumford'a  obvious  iut^jntion  waa  to 
fomid  an  Institnto  of  Technology  and  Engineering.  More  descrip- 
tion was  not  sufficient.  Ko  demamled  something  rieiible  and  tangible, 
and  therefore  prupo&ed  that  the  Ingtitution  ^should  be  made  a  reposi- 
tory for  models  of  all  useful  coiUrivauces  and  improvementfi :  cottage 
fireplaces  and  kitchen  utensils ;  kitchens  for  farm-housGS  and  for  the 
houses  of  gentlemen;  a  Jaundry,  including  boilers,  washing*  ironings 
and  drying-rooms ;  German^  Swedish,  and  liussiau  stoves ;  open 
chimney  fiji3 places,  with  ornamental  grates ;  ornamental  stoves ; 
working  models  "  of  that  moi^t  curtous  and  most  useful  machine^  the 
B team-en gi ne  brewera*  boilers;  distillers'  coppers;  condensers; 
large  boilers  for  hospitals ;  ventilating  apparatus  in  hot-houses ; 
lime-kUnfi;  steam-boilers  for  preparing  food  for  stall-fed  cattle; 
spinning-wheels;  looms;  agricuUund  implements  ;  bridges  of  various 
constructions ;  human  food  ;  clothing  ;  houses ;  tovrne  ;  fortresses ; 
harbours ;  roads  ;  canals ;  cairiages  ;  ships ;  took ;  weapons ;  &g. 
Chemistry  was  to  be  applied  to  soiIb,  tillage,  and  manures ;  to  the 
making  of  broad,  l^eer,  wine,  spirits,  starch,  sugar,  butter,  and  cheese; 
to  the  processes  of  dyeing,  calico-printing,  bleaching,  painting,  and 
Tarnishing ;  to  the  smelting  of  ores ;  the  formation  of  alloys ;  to 
mortarA,  cements,  bricks,  pottery,  glass,  and  enamels.  Above  all. 
"the  phenomena  of  lifjht  and  /icai— those  great  powers  which  give  life 
and  energy  to  the  uni  verse — powers  which,  by  the  wotkderful  process 
of  combustion,  are  placed  under  the  command  of  human  beings — will 
engiage  a  profound  interest,^'  In  reference  to  the  alleged  size  of  the 
bed  of  Og,  the  king  of  Basan,  Bishop  Watson  proposed  to  Tom 
Faine  the  problem  to  determine  the  bulk  to  which  a  human  body 
may  be  angmeuted  before  it  will  perish  by  its  own  weight.  As  re- 
gards the  projected  Institution,  liuniford  surely  had  pwed  this 
limit^  and  by  the  ponderosity  of  bis  scheme  had  ensured  either  ths 
neomity  of  change  or  the  certainty  of  death*  In  such  an  establish- 
ment Davy  was  sure  to  be  an  iconoclast.  Ho  cared  little  for  models — 
not  oven  for  the  apparatus  with  which  his  own  best  discoveries  were 
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made  J  hwi  incontinontly  broke  it  up  wLenever  lie  fauud  it  oould  be 
jntttle  Bubeervient  to  further  end  a.  j 
Tlic  Journal  of  the  Kojal  Institution  was  ostablislied  ftt  tbiB  iim6^^ 
and  publifibed  under  Buraford's  direction.    No  private  ad verti semen t^^^ 
were  to  appear  in  it,  but  it  was  to  be  sold  for  3d,  when  its  contentB 
amounted  to  eight  pages,  and  for      when  they  ainounted  to  sixtet^n* 
The  experiments  and  exporiaientol  lecturea  of  Davy  were  then  attracting 
attention^    Rumours  of  tho  young  chemist  reached  Bum  ford  tbrtiiiglj 
Mr.  Underwood  and  Mr.  James  Thompson,    At  lEomford's  reque&t, 
Davy  came  to  London.    His  life  at  the  moment  was  purely  a  land  of 
promise,  hut  Rumford  bad  the  sagacity  to  see  tho  promise,  and  tho 
wisdom  to  act  upon  his  ingight    Nor  was  his  judgment  mpidly 
formed ;  for  Boyeriil  interviews,  doubtless  meant  to  test  the  youth, 
preceded  his  announcement  to  Davy,  on  the  16th  of  February,  1801, 
the  resolution  of  tho  managers,  "  That  Mr.  Humphry  Davy  be 
engaged  in  tho  service  of  the  Royal  In  at  i  tut  ion,  in  the  capacity  of 
Assistant  Lecturer  in  Chemistry,  Director  of  the  Chemical  Laboratory, 
and  Assistant  Editor  of  the  Journals  of  the  Instituttou ;  and  that  he 
bo  allowed  to  occupy  a  room  in  the  house,  and  be  furnished  with  eoalg 
and  candles,  and  that  he  bo  paid  a  aalary  of  one  hundred  guiDcaa  ]>er 
annum."    Rumfordj  moreover,  held  out  to  Davy  the  proBi>ect,  if  he 
devoted  himself  entirely  and  permanently  to  the  Institution,  of 
becoming^  in  the  course  of  two  or  three  years,  full  Professor  of 
Chtjmistry,  with  a  salary  of  300?.  per  annum,    provided,'*  he  adds, 
«*  that  within  that  period  you  shall  have  given  proofs  of  your  fitness  to  ' 
hold  that  distinguished  situation."  This  promise  of  the  professorship 
in  two  or  three  years  was  ominous  for  Dr.  Gamett,  between  whom  and 
the  managers  diiferences  soon  arose  which  led  to  his  withdrawal  from 
the  Institution. 

Davy  began  his  duties  on  Wednesday,  the  11th  of  March^  1801* 
He  was  allowed  the  room  adjoining  that  occupied  by  Dr.  Gamett.  to 
whom  he  was  to  refimd  the  expenses  incurred  in  furnifihing  the  room. 
The  committee  of  expenditure  paid  to  Dr.  Gamett  20/.  2j.  3(J.  for  a 
new  Brussels  carpet,  and  17/.  6a.  for  twelve  chairs,  the  carpet  and 
chairs  being  transferred  to  the  room  occupied  by  the  managers. 

Count  Kumford  reported  further  that  he  bad  purchased  cheaj^er  a 
second-hand  carpet  for  Mr*  Davy's  room,  together  with  such  other 
articles  as  appeared  to  him  necessary  to  render  the  room  habitable, 
and  among  the  rest  a  new  sofa-bed,  which,  in  order  that  it  may  eenro 
as  a  model  for  imitation,  has  been  made  complete  in  all  its  parts." 

The  name  of  a  man  who  has  no  superior  in  its  annals  now  appears 
for  the  Erst  time  in  connection  with  the  Institution.    Here  also  the 
sagacity  of  Eumford  was  justified  by  events*    At  the  suggestion  of  i 
Sir  Joseph  Banks  he  had  an  interview  with  Dr.  Thomas  Young,  i 
destined  to  become  so  illustrious  as  the  decipherer  of  the  Egyptian 
hieroglyjjhics,  and,  by  his  discovery  of  Interference,  the  founder  of 
the  imdiilatory  theory  of  light.  It  was  propciaed  to  him,  by  Rumford,  I 
to  accept  an  engagement  as  Professor  of  Natural  PbiloBopby  in  the 


1883,]    on  Count  Eumf&rd,  Originator  of  the  Boyal  Imlituiion.  435 


Imrtatution,  ns  Editor  of  itfl  Journals,  ami  as  super  in  tendent  of  the 
lioiifie,  at  a  salary  of  yOOi,  per  annum.  Young  accepted  tho  appoint- 
ment,  and  the  Managers  confirmed  it  by  resolution  on  tte  3rd  of 
Attgnst,  1801 : — *'  Resolted^  that  the  managers  approve  of  the  meaBUros 
jlftken  by  Count  Runiford ;  and  that  the  appointment  of  Dr,  Young  be 
confirmed/* 

Bumford^s  health  fluctuated  perpetually,  and  it  was  said  at  the 
time  that  tLiM  was  due  in  some  measure  to  the  fanciful  notions  he 
entertained^  and  acted  on,  with  regard  to  diet  aud  exerciBO.  But 
Dr.  Young  affirms  that  his  habits  in  these  respects  were  guided  by 
his  phydciaDs. 

Many  yea-rs  ago,  wishing  to  gupplemont  my  knowledge  of  the 
Turkish  bath,  I  referred  to  »  paper  of  Rnmford'a  which  gave  an 
account  of  a  visit  to  Harrogate  and  hie  experieiioo  thero.  According 
tu  the  mlefi  of  tbe  place  he  had  hia  l>ath  in  the  evening,  and  went  to 
bed  iumiediately  afterwards.  He  found  himself  restless  and  fovorish  ; 
the  bath,  indeed^  seemed  to  do  him  more  harm  thau  good,  Au  obser- 
vaiit  feUow-loclger  of  his  had  had,  and  had  corrected,  the  same  expe- 
rience. Acting  oil  his  advice,  Hum  ford  took  his  bath  two  hours  buforo 
his  dipner,  engaging  afterwards  in  his  usual  work,  or  going  out  to 
have  a  blow  on  the  common,  8o  far  from  suflering  from  chill  through 
this  exposiire,  ho  found  himself  invigorated  by  it.  My  own  ex- 
perience, I  may  say,  corruborates  all  this.  Bumford  took  the  senses 
of  man  as  he  fuund  them,  and  tried  to  enhance  the  gratifications 
tbeuce  derived : — "To  increase  tho  pleasure  of  a  warm  bath  he 
suggests  the  burning  of  sweet  scented  woods,  and  aromatic  gums  and 
resins  in  Email  chafing  dishes  in  the  bathing  rooms,  by  w^hich  the  air 
will  be  perfumed  with  the  most  pleasant  odours*"  He  spiritedly 
defends  this  counsel: — "Effeminacy  is  no  doubt  very  despicable, 
especially  in  a  person  who  aspires  to  the  character  and  virtfics  of  a 
man.  But  I  see  no  cause  for  calling  anything  effeminate  which  has 
no  teodency  to  diminish  either  tho  strength  of  the  body,  tho  dignity 
5f  the  nentimenta,  or  tho  energy  of  tho  mind.  I  see  no  g(K>d  reason 
for  considering  those  grateful  aromatic  perfumes,  which  in  all  ages 
have  \mm  held  in  such  high  estimation,  as  a  less  elegant  or  Iwss 
mtioual  luxury  than  smokitig  tobacco  or  stuffing  the  aoeo  with  snnff/' 
\  Humfard,  for  a  year  or  so,  occupied  rooms  in  tho  Institution,  but 
pis  private  residence  was  in  Brompton  Bow,  described  by  his  friend 
l^iciet  as  being  about  a  mile  from  London.  Grass  and  trees  grew  in 
front  of  the  house.  The  windows  had  a  double  glaring,  and  outside 
were  placed  vases  of  flowers  and  odorous  shrubs.  Pie  let,  who  was 
Rumford's  guest  in  1801,  rainutely  deecribes  tho  whole  arrangement 
tjf  the  house.  Into  Rumford's  working  room,  which  overlooked  the 
oonntry,  tbo  light  came  through  a  set  of  windows  arranged  on  the 
are  of  a  circle*  The  window-sills  were  arranged  with  flowers  and 
fihmbB,  so  that  you  might  suppose  yourself  to  be  in  the  country,  closo 
to  a  ^M^en  boniered  by  a  park.  Pictet  goes  on  to  desoril>e  the 
various  itrokofl  of  ingenuity  diown  in  the  manftgemont  of  fuel  and 


other  night  gear,  all  of  which  were  hiddon  by  a  fringed  valence.  At 
night  the  sofa  was  converted  in  a  few  mintites  into  an  eiteellent  bed^ 
while  in  the  morning,  with  eq^nal  rapidity,  the  iKid  woa  transformed 
into  un  ornamental  piece  of  farnitnre.  Pictet  occnpied  one-half  c_ 
the  charming  dwelling.  Perfect  freedom  was  given  and  enjoyed^ 
and  the  learned  Genevese  always  tried  to  arrange  hia  day's  work  8t> 
that  be  migbt,  if  possible,  eDgaga  his  friend  on  some  subject  of 
roBoarch  common  to  tbera  both. 

A  portion  of  the  motive  force  of  a  man  of  Rumford'fl  temperament 
may  be  described  as  irritability.  During  the  posse ion  of  physical 
Tigonr  and  sonnd  health,  this  force  ia  clasped  by  p>wer  of  niJl  and 
diroctod  by  intelligence  and  tact.  But  when  health  slackens  and 
physical  vigour  subsides,  what  vvas  formerly  a  lirmly  ruled  power 
becomes  an  energy  wanting  adequate  control.  Rumford's  sucoets 
in  managing  all  manner  of  men  in  Bavaria  illnstrfttes  his  pliancy 
A9  much  as  his  strength.  But  befoi-e  he  started  the  Ho^'nl  Insti^ 
tniion  his  health  hod  given  way,  and  his  irritability,  it  is  to  be 
feared,  had  gat  the  upper  hand.  In  point  of  Intellect,  moreover, 
he  came  then  into  contact  with  people  of  larger  calibre  and  more 
varied  aocoraplishmenta  than  he  had  previously  mot.  Ho  ctmld 
hardly  eonnt  u|>on  the  entire  sympathy  of  Young  and  Bavy,  though 
1  believe  he  remained  on  friendly  terras  with  them  to  the  end, 
Thoy  were  gems  of  a  different  water,  if  I  may  tiso  tho  term^  from 
Enmford.  Tlio  chief  object  of  his  fostering  caro  was  mechanical 
invention,  as  ap]>li(^  to  the  ufies  of  life.  The  pleasures  of  both 
Young  and  Davy  lay  in  another  sphere.  To  them  science  was  an  end, 
not  a  means  to  an  end-  The  getting  at  the  mind  of  nature,  and  the 
revealing  of  that  mind  in  gi-eat  theories,  were  the  objects  of  their 
efforts,  and  formed  the  occupation  of  their  lives.  Had  they  boen  as 
enthusiastic  as  Rumford  himself  in  Bumford's  own  direction ,  the  tbre« 
united  would  prohably  have  dauuted  opposition,  and  for  a  somewhat 
longer  time  endeavoured  to  realise  Humfoi'd's  dream.  But  differeuces 
arose  between  him  and  the  other  managers.  **  It  is  very  clear  to  me," 
writes  Dr,  Bence  Jones  to  Dr.  Ellis,  **  that  Count  Rumford  fell  out 
with  BIr-  Bernard  and  with  Sir  John  Hippesley.  The  fact  was  that 
Hnmford's  idea  of  workshops  and  kitchen,  industrial  school,  mechanics* 
institution,  model  exhibition,  social  club-house,  and  scientific  com- 
mittees to  do  everything,  was  much  too  big  and  nn workable  for  a 
private  body,  and  was  fitted  only  for  an  absolute  wealthy  government," 
In  1803  Dr.  Benco  Jones  informs  us  that  diflBculties  were  gathering 
round  the  Institution,  and  it  was  even  proposed  to  sell  it  off, 
Eumford  had  quitted  London  and  gone  to  Paris.  By  Davy's  aid, 
Mr.  Bernard  Bn<l  Bir  John  Hipijosley  carried  on  the  work,  but  in 
a  fashion  different  from  that  contemplated  by  Kumford— that  is 
to  say,  "without  workshops,  or  mechanics'  institute,  or  kitchen,  or 
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and  tbeoroticsal  teeoftrobo^,  wliich,  iiistfjad  of  denUng  witli  tbingB 
nl ready  achieved.  Carried  the  niitid  into  uiiexiplpred  tcgiong  of  naturo, 
fiir^ctfiiJ*  if  uot  neglectftilj  whether  the  discoveries  mjuie  in  that  region 
had  or  bod  tiot  a  bearing  oti  the  arts  and  comforts  or  necessities 
of  tnateri&l  Life^ 

Rtitnford  aud  his  Tnstilntion  had  to  bear  the  bmnt  of  ridicule,  and 
he  folt  it ;  bat  men  of  read j  wit  have  not  abstained  from  exercising  it 
on  societies  of  greater  ag©  and  higher  claims.  Shafts  of  sarcadm 
without  number  have  been  Ifttinched  iit  the  Boyal  Society.  It  ie  per- 
fectly natnral  for  persons  who  have  little  taste  for  acientific  Inqairy 
ftnd  less  knowledge  of  the  methods  of  natnro,  to  feel  amuseil,  if  not 
soandalisod,  by  the  apparently  inaignil&cant  subjecta  which  Bomc times 
€»$cnpy  the  scientific  mind.  Tbey  are  not  aware  that  in  aeience  the 
IftOftI  stiipendoufl  phenomena  otten  find  their  auggeation  and  iuterpre- 
tatton  in  the  mo^t  minute, — thvil  the  gmiille^t  Liborittory  fnct  la 
oomieeted  by  itidifisoluble  ties  with  the  grandest  opemtiotis  of  nature, 
Thrm  the  iridescences  of  the  common  soap-bubble,  Bubjoctcd  to 
scientific  analysis,  hn^e  emerged  in  the  conclusion  that  steUar  space 
is  a  plenum  filled  with  a  material  snbstiincc,  capable  of  transmitting 
motion  with  a  rapidity  which  wo^ld  girdle  the  equatorial  earth  eight 
times  in  a  second  ;  while  the  tremors  of  this  giibs.tanee,  in  one  fonn, 
constitute  what  wc  cull  lights  and,  in  all  forms,  constitute  what  we 
eftU  radiant  heat.  Not  seeing  this  connection  between  great  and 
mftU;  not  dtdcerning  that  as  regards  the  iiiustration  of  physical 
{principles  there  is  no  great  and  no  small,  the  wits,  considering  the 
small  «?ont*?mptiblo,  permitted  sarcasm  to  flow  accordingly.  But 
these  thingis  have  passeil  away,  otherwiae  it  would  not  be  superfluous 
to  remind  tbit^  audience^  as  a  ca§e  in  point,  that  the  splendour  which 
in  the  form  of  the  electric  light  now  falls  upon  onr  squares  and 
thorougli fares,  has  its  germ  and  ancestry  in  a  spark  so  feeble  as  to 
be  scarcely  visible  when  first  revealed  within  the  walla  of  this 
Institution* 

It  is  with  relnctance  that  I  take  the  slightest  exception  to  what 
my  American  friends  have  written  rcgartling  Bumford  and  his 
achievements.  But  what  they  have  written  induces  me  to  assure  them 
that  the  scientific  men  of  England  are  not  prone  to  stinginess  in 
recognising  the  merits  of  their  follow- labourers  in  other  lands ;  and 
had  RumfoTJ,  instead  of  accomplishing  none  of  his  work  in  the  land 
of  liis  birth  J  accomplished  the  whole  of  it  there,  his  recognition 
among  tis  here  would  not  be  le^  hearty  than  it  is  now.  As  things 
stand,  national  prejudice,  if  it  esiatetl,  might  be  expected  to  lean  to 
Kumford's  side.  But  no  such  prejudice  exists,  and  to  write  as  if  ii 
did  exist  is  a  mistake.  In  reference  to  myself,  Dr.  Kllis,  gently  but  still 
reproachfully,  makes  the  fallowing  remark: — Professor  TyndaU  in 
his  work  on  Heat  has  but  modorately  recognieail  the  claims  and  merit 
^  Romford,  when,  after  largely  qnt>ting  from  his  essay,  he  adds, 
*  When  the  history  of  the  dyntunical  theory  of  heat  is  written,  the 


maTi  who  in  opposition  to  the  ecdcntific  belief  of  his  time  could 
experiment,  and  reason  upon  oiperimeut,  as  did  Rumford  in  the 
iuvestigatiou  Lore  referred  to,  camiot  be  lightly  paesed  over.' "  In 
njy  opiuioD,  the  most  dignified  and  impressive  way  of  dealing  with 
labouTH  like  tho&e  of  Bum  ford,  is  to  show  hy  giinple  quotations,  well 
selected^  what  their  merits  are.  This  I  did  in  the  Wok  referred  to 
by  Br.  Ellis,  which  was  publiflhed  at  least  eight  years  in  advance  of 
his.  But  the  expression  of  my  adrairation  for  Bumford  was  not 
confined  to  the  passage  above  quoted,  which  is  taken  from  the 
appendii  to  one  of  my  lectnres.  In  that  lecture  I  drew  attention  to 
Bum  ford's  labours  in  the  followiug  words; — "I  have  parti  cular 
pleasure  in  directing  the  reader's  attention  to  an  abstract  of  Oonnt 
Eumfiird's  memoir  on  the  geucration  of  heat  by  friction,  containtMi 
in  the  append  is  to  this  lecture.  Euniford  in  this  memoir  aoni- 
htlates  the  iimterial  theory  of  beat.  Nothing  more  powerful  on  the 
Bubject  has  since  been  written.'* 

But  I  must  not  go  too  far,  nor  snSer  myself  to  deal  with  one- 
sided exclufiivenesB  with  tho  merits  of  Etmiford-  The  theoretie 
conceptions  with  whioh  he  dealt  were  not  his  conceptions,  but  had 
been  tho  property  of  seienco  long  prior  to  his  day*  This,  I  fear,  was 
forgotten  wbon  the  following  claim  for  Rnmford  was  made  by  a 
writer  who  has  done  eicellent  gervice  in  diffueing  son  ad  science 
among  the  people  of  the  United  States  i — *'  He  was  the  man  who  first 
took  the  qtiestion  of  the  nature  of  heat  out  of  the  domain  of  meta- 
physics, where  it  had  been  speculated  upon  since  tho  time  of  Aristotle, 
and  plftce<l  it  upon  the  true  basis  of  physical  experiment.*'  The 
writer  of  this  passage  could  hardly,  when  he  wrote  it,  hnve  b^en 
acquainted  with  the  experiments  and  the  reaeonings  of  Buyle  and 
llooke,  and  Leibnitz  and  Locke.  As  regards  the  nature  of  he&t» 
those  men  were  quite  as  far  removed  from  metaphysical  subtletie© 
as  Rumford  himself.  They  regarded  heat  aa  *'  a  very  brisk  agitation 
of  the  insensible  parte  of  an  object  which  produces  in  us  that  scnsa* 
tion  from  wheuce  we  denominate  the  object  hot;  so  what  in  our 
ienftjition  is  heat,  in  the  object  is  nothing  but  motion,"  Locke^  from 
whom  I  here  quote,  and  who  merely  ei presses  the  ideas  pr^vioiii^iy 
enunciated  by  Boyle  and  Hooke,  gives  his  reasons  for  holding  this 
theoretic  oonception.  "  This,"  he  Fays,  "  appears  by  the  way  beat  is 
produced,  for  we  see  that  the  rubbing  of  a  brass  nail  npon  a  board 
will  make  it  very  hot ;  and  the  axle- trees  of  carta  and  coaches  are 
often  hot,  and  sometimes  to  a  degree  that  it  sets  them  on  fire,  by  the 
rubbing  of  tho  naves  of  the  heels  upon  them.  On  the  other  side, 
the  utmost  degree  of  cold  is  the  cessation  of  that  motion  of  the 
insensible  particles  which  to  our  touch  is  heat."  The  precision  of 
this  statement  could  not,  within  its  limits,  be  exceeded  at  the  present 
day. 

There  is  a  curious  resemblance,  moreover,  between  one  of  the 
experiments  of  Boyle,  and  the  most  celebrated  experiment  of  RuEnford. 
Boyle  employed  three  men  accustomed  to  the  work,  to  hammer  nimbly 
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i  piece  of  iron.  Thoj  rotwie  tlio  metftl  so  Lot,  that  it  could  not  be 
eafoly  touched.  As  in  the  case  of  Kumford^  people  wore  looking  on 
«t  th(8  esperiraentj  and  Boyle's  people,  like  those  of  Ruraford,  were 
Btmck  with  won  J  or,  to  see  the  enlphur  of  gtinpowdur  ignited  by  heat 
pnxluced  without  any  fire,  Hooke  is  e*liiftlly  clear  aa  regftrds  the 
Q&tnre  of  heat,  aud^  like  Humf(>rd  himi;elf,  but  mure  than  a  centur/ 
before  hitn,  he  conipares  the  vibrations  of  iieat  with  soaoroae  vibra- 
tions. That  Eumftird  went  beyond  these  men  is  not  to  be  demed. 
It  could  not  be  othervYise  with  a  spirit  so  original  and  penetrating. 
Bnt  to  Bpeak  of  the  i^pac^i  between  him  and  Aristotle  m  if  it  were  » 
Bcicntilic  vacuum  is  surely  a  migtake. 

While  in  Paris,  Rtimford  inade  the  acquaintance  of  M^tdame 
LavoiHier,  a  lady  of  wealth,  spirit,  social  diatinctiou,  andj  it  is  to  be 
*dded,  a  lady  of  temper.  Her  illustrious  huRbaud  had  sutfered  under 
the  gtiillotiae  on  the  8th  of  May,  1794;  and  inheriting  his  great 
name,  together  with  a  fortune  of  three  million  francs,  she  g)itbered 
rimnd  her,  in  her  receptions,  the  most  distinguished  society  of  Paris, 
B\w  and  Bataf<»rd  became  friends^  the  friendship  aft<?rwards  passing 
into  whMt  was  thought  to  be  genuine  affection.  The  Elector  of 
Bavaria  took  great  iiiturest  in  his  projected  marriage,  and  when  that 
consummation  came  near^  settled  upon  him  an  annuity  of  4000  florinsi. 
Before  their  marriage  he  was  joined  by  Madame  Lavoisier  at 
Munich,  whence  they  made  a  tour  to  Switzerland  together*  In  a 
hiU:T  to  his  daughter  he  thus  describes  his  bride  elect :  '*  I  made 
the  acqnahntanoc  of  this  very  amiable  woman  in  Paris,  who,  I  believe, 
wonld  have  no  objection  to  having  me  fur  a  husband,  and  who  in  all 
respects  would  be  a  proper  match  for  me.  She  is  a  widow  without 
cliildren,  never  having  had  any ;  is  about  my  own  age  (she  was  four 
years  younger  than  Kuraford),  enjoys  good  health,  is  very  pleasant  in 
■ociety^  has  a  handsome  fortune  at  her  own  disposal,  enjoys  a  most 
respectable  reputation,  keeps  a  good  house,  which  is  frequented  by  all 
the  6r&t  philosophers  and  men  of  eminence  in  the  scit?nt,^e  and  literature 
of  the  age,  or  rather  of  Paris,  And,  what  is  more  than  all  the  rest* 
Si  goodness  itself/'  He  goes  on  to  describe  her  aa  having  been  very 
handsome  in  her  day,  **  and  even  now  at  forty -six  or  forty-eight  is  not 
liad  looking*"  He  describes  her  as  rather  embmpointf  m%h  a  great 
deal  of  vivacity,  and  as  writing  incomparably  wf  11, 

Before  the  marriage  coiild  take  place,  he  was  obliged  to  obtain, 
from  America  certificates  of  his  birth,  and  of  the  death  ftf  his  former 
wife.  All  preliminaries  having  been  arranged,  Oownt  Bumford  aud 
Madame  Lavoisier  were  married  in  Paris  on  the  24th  of  October^ 
160^'  He  describes  the  house  in  which  they  lived,  Hue  d'AnjoU| 
No.  39,  as  a  paradise.  **  Eomoved  from  the  ntjiso  and  bustle  of  the 
Street,  facing  full  to  the  south,  in  the  midgt  of  a  beautiful  garden  of 
more  than  two  acres,  well  planted  with  trees  and  shrubbery.  The 
eatranoe  from  the  street  is  through  au  iron  gate  by  a  beautiful 
winding  avmue  well  planted,  and  the  porter's  lodge  is  by  the  side  of 
Vol.  X.   (No.  76.)  2  a 
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thm  gttte^  a  great  bell  to  be  nmg  in  case  of  eercraouionB  visitg." 
Long  after  tbie  event  Euinford'e  daughter  comtnented  on  it  tbufi  : — > 
^  It  seemfi  tliere  had  boon  an  acqiiaiTitpnce  between  these  parties  td 
four  years  before  the  marriage.  It  might  be  thought  a  long  space 
of  time  for  perfect  acquaintance.  But, '  ah  Providouoe !  thy  ways 
are  past  finding  out/  " 

In  a  letter  written  to  bis  daugbter  two  months  after  his  marriage, 
be  describee  their  etylo  of  living  eib  really  niagnificent ;  his  wife  as 
esetiedingly  fond  of  company,  in  the  midet  of  which  she  makes  a 
splendid  figure.  She  eeldom  went  out,  but  kept  ojien  house  to  all  th© 
great  and  worthy.  He  describes  their  dinners  and  even  in  g  te^ 
which  must  have  been  trying  to  a  man  who  longed  for  quiet.  He  could 
have  borne  the  dinners,  but  the  teas  and  their  goSEvip  aneoyed  hitn*  In- 
stead of  living  melodious  d»7B»  bis  life  gradually  bccume  a  discord ;  and 
on  the  15th  of  January,  1806,  bo  confides  to  bis  daughter,  as  a  family 
Boeret,  that  he  is  not  at  all  siiro  that  two  certain  persons  were  cot 
wholly  mi§takeu  in  their  marriage,  as  to  each  other's  characters."  The 
d^nouemeDt  hasbetied  ;  and  on  the  first  anniversary  of  bis  marriage  he 
writes  thus  to  his  daughter  "  My  dear  child.  This  being  the  first 
year's  anniversary  of  ray  marriage,  from  what  I  wrote  two  montba 
after  it  yon  will  be  eurione  to  know  how  things  stand  at  presenL  I 
am  sorry  to  say  that  experience  only  serves  to  confirm  mo  in  tlie 
belief  that  in  character  and  natural  propensities  Madame  de  Rumford 
and  myself  are  totally  unlike^  and  never  ought  to  have  thought  of 
marrying.  Wo  are  besides,  both  too  independent,  both  in  oiir  senti- 
ments and  habits  of  lif^^,  to  live  peaceably  together,— sbo  having  been 
mjatroBS  all  her  days  of  her  actions,  and  I,  witb  no  lees  liberty,  leading 
for  the  most  part  the  life  of  a  bachelor.  Very  likely  she  is  as  much 
disaffected  towards  mo  as  I  am  towards  her.  Little  it  matters  with  me^ 
but  I  call  ber  a  female  dragou,— simply  by  that  gentle  name  I  We 
have  got  to  the  pitch  of  my  insisting  on  one  thing  and  ebe  on 
another." 

On  the  second  anniversary  of  his  marriage,  matters  were  worse. 
The  quarrels  between  him  and  Madame  bad  become  more  violent  and 
open,  aud  having  used  the  word  q^narrels  to  his  daughter,  he  gives  tb© 
following  sample  of  them  : — I  am  almost  afraid  to  tell  you  the  aiory, 
my  good  child,  lest  in  future  you  should  not  be  good ;  lest  what  I  am 
about  relating  should  set  yon  a  bad  example,  mako  you  passionate, 
and  ao  on.  But  I  had  been  made  very  angry.  A  large  party  had 
been  invited  I  neither  liked  nor  approved  of,  and  invited  for  the 
sole  parpose  of  vexing  me.  Our  house  being  in  the  centre  of  the 
garden,  walled  around,  with  iron  gates,  I  put  on  my  bat,  walked  down 
to  the  porter's  lodge,  and  gave  him  orders^  on  his  peril,  not  to  let  any 
one  in.  Besides,  I  took  away  the  keys.  Madame  went  down,  and 
when  the  company  arrived,  she  talked  with  them,— she  on  one  aide, 
they  on  the  other,  of  the  high  brick  walb  After  that  she  goes  and 
pours  boiling  water  on  some  of  my  beautiful  flowers." 

Six  months  later  on ^  the  sounds  of  lamentation  and  woe  are  con* 
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tinnM.  Thero  wag  tio  alteration  for  the  better.  Tie  ttionglit  of 
•eparalioHf  but  the  honee  and  gmrdeo  in  th&  Eiie  d'Aajou  being  ft 
Joint  concern,  legal  difficuUke  aroRo  as  ta  tlie  division  of  it,  *' I 
have  Buffered,"  lie  says  to  his  daughter,  "  more  than  you  can  imagino 
for  Ibe  la«t  four  weeks ;  hat  my  rights  are  incontestable  and  I  am 
determined  to  maintain  them.  I  have  the  Diisfortnne  to  be  married 
to  one  of  the  most  imperiouSj  tyrannical,  unfeeling  women  that  ever 
existed,  and  whose  per&everaiice  in  pursuing  an  object  is  equal  to  her 
profound  cunnijig  and  wicko^lneea  in  framing  it/'  He  pur|}ofied 
taking  a  house  at  Auteuil.  It  would  be  unfortunate  if^  notwitb- 
•tanding  all  the  bounties  of  the  King  of  BnTaria,  he  could  not  live 
UkOfQ  indepevidetitly  than  with  this  unfeeling,  cunning,  tyrannical 
woman.  "Alas!  little  do  we  know  people  at  first  sight!  Do  you 
preserve  my  letters?  You  will  perceive  that  I  have  given  very 
different  accounts  of  this  woman,  for  ladif  I  cannot  call  her."  He 
deeeriboa  his  habitation  us  no  bmger  the  abode  of  peace.  He  break- 
faeta  alone  in  his  apartment,  while  to  his  infinite  chagrin  most  of  the 
Tisitors  arc  tin  wife's  determined  nilherents.  Ho  is  sometimes  present 
«t  het  tea  parties,  but  finds  there  little  to  amuse  him.  "  I  have  waited," 
lie  mj9  (which  we  may  doubt)*  '  with  great,  I  may  say  nneiainpled 
IWInitoq,  for  a  return  of  reason  and  a  (^hange  of  conduct,  but  I  am 
Ilniil7  resolved  not  to  be  driven  from  my  ground,  not  even  by  disgust, 
A  aepKration,"  he  adds,  is  unavoidable,  for  it  would  be  highly  im^ 
proper  for  me  to  continue  with  a  penson  who  has  given  me  so  many 
proofs  of  her  implacable  hatrerl  and  malice/' 

The  lease  of  the  villa  at  Autt:uil  was  purchased  by  Bumford  in 
1808.  The  separation  between  him  and  his  wife  took  place  *'  aniicBbly" 
on  the  I3th  of  June,  1809,  Ever  afterwards,  however,  anger  rankled 
in  his  heart.  He  never  mentions  his  wife  but  in  terms  of  repugnance 
and  condemnatiom  His  reltase  from  her  fills  him  with  unuitural 
jubilation.  On  the  fiimih  anniversary  of  bia  wedding-day  ho  writes 
f0  his  daughter,  I  make  choice  of  this  day  to  write  to  you,  in  reality 
to  testify  joy,  but  joy  that  I  am  away  from  her/'  On  the  fifth  a  nni- 
vmary  he  writea  thus :  **  You  will  perceive  that  this  is  the  anniversary 
of  my  marriage.  I  am  happy  to  call  it  to  mind  that  I  may  com|iare 
mj  present  situation  with  the  three  and  a  half  horrible  years  I  was 
living  with  that  tyrannical,  avorieious,  unfwlmg  woman/'  The 
doeing  sis  months  of  his  married  life  he  deBcribca  as  a  purgatory 
Bufficiently  painful  to  do  away  with  the  s:ns  of  a  thousand  yoora 
Bnmford,  in  fact,  writes  with  the  bitterness  of  a  defeated  man.  His 
wife  retained  her  friends,  while  ho,  who,  a  abort  time  previouBly,  bad 
been  the  observed  of  all  observers,  found  himself  practically  isolated. 
Thia  was  a  new  and  bitter  ei|)erience,  the  thonglit  of  which,  pressing 
on  htm  continually, flestroyod  all  magnanimity  in  his  referenci^s  to  btT* 

From  1773  to  1800,  Ruuifurir«  house  at  Auteuil  had  been  the 
refitdonoe  of  the  widow  K*f  a  man  highly  celebrated  in  his  day  as  a 
freethinker,  but  whom  Lange  describes  oa  the  vain  and  suiierficial 
Helvotiufl/'    It  is  also  the  bouse  io  which  in  the  month  of  January 
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1870,  tlie  young  journalist  Victor  Noir  was  shot  dead  by  Prmce  Pierre 
Bonaparte.  Here,  towards  the  end  of  1811,  tlie  comt  was  joined  hj 
his  dftugbter,  TLey  found  pleaeuro  in  oach  other  s  company,  but  tbo 
Affection  between  thc^  do42S  not  appear  to  bave  been  intense.  Iti  his 
coQversationB  with  her  the  Bource  of  Hs  bitterness  ap^>ears.  I  have 
not,"  he  says,  "  deserved  to  have  so  many  enemies ;  but  it  is  all  from 
comiiig  into  France,  and  forming  this  horrible  connection.  I  believe 
that  woman  was  bom  to  be  the  torment  of  my  life."  The  house  and 
gardens  were  beautiful;  ttifted  woods,  winding  patiie,  grapes  in 
abundance,  and  fiily  kinds  of  roses.  Notwithstanding  his  hostility  to 
his  wife,  he  permitted  her  to  visit  him  on  apparently  amicable  terms. 
The  daughter  paints  ber  character  as  admirable,  ascribing  tbdr 
differences  to  individual  independence  arising  from  having  been  acctiA- 
tomed  to  rule  in  their  respective  ways :  "It  wai5  a  fine  match,  could 
they  but  have  agreed/*  One  day  in  driving  out  with  her  father,  ahe 
remarked  to  him  how  odd  it  was  that  he  and  his  wife  eotdd  not  get  on 
together,  when  they  seemed  bo  ftiendly  to  each  other,  adding  that  it 
e  truck  hor  that  Madame  do  Bum  ford  could  not  be  in  her  right  mind^ 
He  replied  bitterly,  Her  mind  is^  as  it  has  ever  been,  to  act  differently 
from  what  she  appears." 

The  statesman  Guizot  was  one  of  Madame  de  Kumford'a  most 
intimate  friends,  and  bis  account  of  her  and  ber  house  is  oertainlyj 
calculated  to  modify  the  aceount  of  both  given  by  ber  hut; band. 
Euinford  became  her  guest  at  a  time  when  he  enjoyed  in  pnblio 
"a  splendid  scientific  popularity.  His  spirit  was  lofty,  his  con- 
versation was  full  of  interest,  and  his  manners  were  marked  by 
gentle  kindneaa.  He  made  himself  agreeable  to  Madam©  Lavoisier. 
He  accorded  with  her  habits^  her  tastes,  one  might  almost  say  with 

her  reminiseences  She  married  him,  happy  to  offer  to  a  dis* 

tinguished  man  a  great  fortune  and  a  most  agreeable  esiatence/^ 
Guizot  goes  on  to  state  that  their  characters  and  t^^mperamente  were 
incompatible.  They  had  both  grown  to  maturity  accustom^  to  inde- 
pendence, which  it  ie  not  always  easy  even  for  tender  affection  to 
stifle.  The  lady  had  stipulated,  on  her  second  marriage,  that  ahd 
Bibould  be  permitted  to  retain  the  name  of  Lavoisier,  calling  herself 
Madame  Lavoisier  de  Eumford,  This  proved  disagreeable  to  the 
Count,  but  she  was  not  to  be  moved  &om  her  determination  to 
retain  the  nam©.  "I  have,"  she  says,  "at  the  bottom  of  mj  heart 
ft  profound  conviction  that  M.  de  Humford  will  not  disapprove  of  me 
for  it,  and  that  on  taking  time  for  reflection,  he  wUl  permit  me  to 
continue  to  fulfil  a  duty  which  I  regard  as  sacred/'  Guizol  adds  that 
the  hope  proved  deceptive,  and  that  *'  after  some  domestic  agitations, 
which  M.  de  Kumford,  with  more  of  tact,  might  have  kept  from 
becomiDg  so  notorious,  a  separation  became  necessary."  Guizot 
describes  her  dinners  and  receptions  during  the  remaining  twenty- 
seven  years  of  her  life  as  delightful.  Cultivated  intellecis,  piquant 
and  serious  conversation,  excellent  music,  freedom  of  mind  and  tongue, 
irithout  personal  antagonism  or  political  bias,  '^licence  of  thought 
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aad  speech  without  &tiy  dietrust  or  dlBquiet  as  to  what  authoritj 
might  judge  or  say— a  privilege  then  more  precious  than  any  one 
to-day  imagiuee,  just  as  one  who  hag  hreathed  under  an  air-pump  can 
l)est  appreciate  the  doligbt  of  free  roapt ration.*'  One  cannot,  however, 
forget  the  pouring  of  boiling  water  over  the  roses. 

The  *  Gentleman "fi  Magaxiue*  for  1814  describes  the  seclusion  in 
which  Eumford^B  later  days  were  spent.  After  the  death  of  the  illus- 
trious Lagrange^  he  saw  but  t^ro  or  three  friends,  nor  did  ho  attend 
the  meetings  of  the  Natiotial  Institute,  of  which  he  was  a  member. 
Cuvier  was  then  its  perpetual  secretary^  and  for  him  Rumford  always 
entertained  the  highest  esteem.  He  diflfered  from  Laplace  oa  the 
question  of  surface-tension,  imd  dissent  from  a  man  then  standing  so 
high  in  the  mathematical  world  was  probably  not  without  its  penal  con- 
eeq^uences.  Bumford  always  cQugratulated  himself  on  having  brought 
forward  two  such  celebrated  men  as  the  Bavarian  general  Wieden, 
who  was  originally  a  lawyer  or  land  steward,  and  Sir  Humphry 
Davy.  The  German,  French,  Spanish,  and  Italian  languages  wore  as 
familiar  to  the  count  as  English.  He  played  billiards  against  him- 
self; he  was  fond  of  chess,  which  however  made  hia  feet  like  ice  and 
his  head  like  fire.  The  designs  of  his  own  inventions  were  drawn  by 
him  with  great  Bkill ;  but  he  had  no  knowledge  of  painting  and  sculp- 
ture, and  but  little  fi^eling  for  them.  He  had  uo  taste  for  poetry,  but 
great  taste  for  landscape  gardening.  In  later  life  his  habits  were 
most  abstemious,  and  it  is  said  that  his  strength  was  in  this  way  so 
reduced,  as  to  render  him  unable  to  resist  bis  last  illness.  After 
thfee  days'  suffering  from  nervous  fever  he  succumbed  on  the  21st  of 
August,  when  be  was  on  the  eve  of  returning  to  Eu gland.  He  was 
buried  in  the  Hmall  cemetery  of  Auteuil,  which  baa  siuce  been  disusad 
■a  a  place  of  burials  The  gmve,  says  Dr.  Ellis,  is  marked  by  a  hori- 
zontal stone  — une  pierre  tiimulairu — and  by  a  perpendicular  monu- 
ment 6  feet  bigh,  6  feet  in  breadth,  and  8^  feet  in  thickness.  Both 
are  of  marble  and  beuj*  inscriptions  as  follows.  That  on  the  monument 
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EuMFOED'^S  SOIENTIFIO  WOEK." 

As  ft  factor  in  kuma,u  fLffkire,  Rumford  ascrii)ed  to  gunpowder  m 
domimnt  position*  Ko  otb^jr  iurention  Lad  cxercieed  eo  great  an 
influenee.  Hence  the  arduoug  labour  ho  expended  in  determining  its 
action.  At  Stoii«land  Lodge^  the  couutry  smi  of  Lord  Georgo 
Germain,  in  tbe  year  1778,  hie  innuiriee  into  the  force  and  applica^ 
tions  of  gunpowder  be^on.  He  directed  hm  attention,  to  the  poeition 
of  tb€  vent,  tbe  wcig^it  and  preseure  of  tbe  charge,  ite  bursting  power, 
tbe  quickneea  of  conibniitiim,  the  weight  and  velocity  of  the  projectile, 
the  efft^ct  of  windiige,  and  to  many  other  matters  of  interest  to  the 
gunner.  On  all  thtso  questions  be  threw  imjjortant  light.  Tbe 
Yeloeity  waa  determined  in  two  ways :  first,  by  the  ballistic  pendulnni, 
iu  vented  by  his  predecessor  and  name  sake  Benjamin  liobme  ■  and 
eecoudly  from  the  recoil  of  the  gun  itself.  Tbe  baltijstic  pcniltilum  is 
a  bcA?y  maS9,  bo  suspended  as  to  bo  capable  of  free  oscillation. 
Against  it  the  bullet  is  projected,  and  from  the  weight  of  the  bullet, 
the  weight  of  the  pendulum,  and  the  arc,  or  distaiieo,  through  which 
it  is  urged  by  the  bnllet,  the  veloeity  of  the  latter  may  be  calculated. 

To  determine  the  recoil  of  the  gun,  he  had  it  suspended  by  a 
bifilar  arrangement,  which  permitted  it  to  awing  back  when  it  wm 
fired.  Action  and  reaction  being  etpial^  tbe  niijme::tiim  of  tbe  gun 
was  tlie  miHnentnm  of  the  bullet  on  leaving  the  gun,  and  from  tho 
weight  of  the  piece,  and  the  arc  of  recoil,  tbe  velocity  of  the  bnllet 
was  computed-  Tbe  agreement  between  tbe  reBultt*  obtjdned  by  theod 
two  mtthodfci  was  in  many  cases  remarkable.  Until  quite  rt^ntly, 
Rumford'fi  eiperiments  on  the  force  of  gunpowder  were  considered  to 
be  tho  best  extant.  A  mind  so  observant  could  not  fail  to  notice  the 
hc?tating  effects  prmluced  by  tbe  percueaion  of  the  bullet  against  its 
target,  and  by  tlio  jar  of  tbo  gnn  at  tbe  moment  of  its  discharge.  By 
sucli  facts  be  wae  naturally  led  to  refiect  on  that  connection  between 
mechanical  [)owcr  and  the  generation  of  beat  which  he  afterwards  did 
eo  much  to  illuHtrate  and  develope. 

Tlie  phf  unmena  both  of  light  and  beat  fascinated  him ;  and  we 
aceordingly  find  bira  from  time  to  time  abandoning  practical  aims, 
ftnd  seeking  for  knowWge  which  had  no  apparent  practical  outct>nie, 
Thiifi  wo  Bee  him  cipcrimenting  on  the  action  of  green  Tegetables  and 
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other  matters  npon  ligbt,  or  ratlier  the  action  of  light  on  the  green 
leares  of  plants.  From  th is  mqu I ry  he  t am ed  to  esti mate  the  quanti ties 
of  moisture  takon  np  by  diS'ereiit  aubstanoea  in  humid  air.  Sheeps^  wool 
he  fo&Qd  to  be  the  mos%  absorbent,  while  cotton  wool  aud  ra sellings 
of  fine  litien  were  among  the  leasts  These  experiments  he  regarded 
m  of  the  highest  importance,  as  they  oiplaiaed^  to  his  mind,  the 
sniobrity  of  flannel  when  worn  ucxt  the  skin.  Its  health  fulness  he 
ascribed  to  its  power  of  taking  up  the  moisture  of  the  bodyj  sensible 
and  insensible,  and  dispersing  it  by  evaporation  in  the  air. 

The  propagation  of  beat  in  ioids  was  but  imporfectty  nnderstood 
when  Enmford  took  the  subjeet  np.  In  various  parts  of  his  writings^ 
he  divells  on  the  importance  of  what  he  ctdls  accidental  observations, 
deeming  them  more  fruitful  than  those  which  have  sprang  from  the 
more  recondite  though ta  of  the  philosopher.  But  accidents,  howcTcr 
mtmerons,  if  they  fail  to  reach  the  proper  soil  are  barren,  Rumford 
ascribed  to  accident  the  inTostigations  now  referred  to.  He  had  been 
dperimenttng  npon  liquids,  employing  bulbs  of  copper  with  glass 
tubes  attached  to  them.  On  one  occasLon,  having  filled  his  bulb  and 
tube  with  spirits  of  wine,  and  heated  the  liquid,  he  placed  it  to  cool 
in  a  window  where  the  sun  happened  to  shine  upon  it.  Particles  of 
dust  had  found  their  way  into  the  spirit,  and  the  ana,  shining  on 
these  particles,  made  their  motions  vividly  apparent.  Along  the 
axis  of  bis  tube  the  illuminated  particles  rose ;  along  its  aides  they  fell, 
thus  making  manifest  the  currents  within  the  liquid.  The  reason  of 
thiB  circnlation  is  obvious  enough.  The  glase  tube  in  contact  with 
the  cold  air  had  its  temperature  lowered*  The  glass  drew  heat  from 
the  liquid  in  contact  with  it^  which  thereby  being  rendered  more  denae, 
full  along  the  aides  of  the  tube,  while,  to  supply  its  plac  j»  the  lighter 
liquid  rose  along  the  aiis.  The  motion  here  described  is  exactly  that 
of  the  great  geyser  of  Iceland.  Tho  water  falls  aloag  the  sides  of  the 
goyser  tnbe^  and  rises  along  the  axis.  In  this  way  then  beat  is  pro- 
pagated through  liqnidfej.  It  is  a  case  of  bodily  transport  by  currents, 
and  not  one  of  true  conduction  from  midecule  to  molecule. 

It  immediately  occurred  to  Rumford  to  haioper  thia  motion  of 
oonvection.  He  callcil  to  mind  an  observation  he  had  ma<le  at  Baife, 
vrhexi  the  water  of  the  sea  being  cool  to  the  toueh,  the  sand  a  few 
iuchea  below  the  water  was  intolerably  liot.  This  he  a^ribcd  to  the 
imp^iment  offered  by  tho  sand  to  tho  upward  diffusion  of  tho  heat. 
Th©  length  of  time  requireil  by  stewed  apples  to  cool,  also  occarrod 
to  him*  He  had  frequently  burnt  bis  month  by  a  spfwiiful  of  apple 
taken  from  the  centre  of  a  dish  after  the  surface  luwi  become  cool, 
Hu  devised  thermometers  with  a  view  of  bringing  his  notions  to  an 
experimeotal  te^t.  With  pnre  water  he  compared  water  slightly 
thickened  with  »ti\rch,  water  contitiniug  eider-down,  and  stewod  apples 
bruised  into  a  pulp  which  consisted  almost  wholly  of  water.  In  all 
CMcs  he  found  the  propagation  of  heat  impeded,  aud  cooling  rotarded^ 
by  everything  that  prevented  the  foninition  of  currents.  As  ht*  pui^ 
iuod  his  inquiries,  the  idea  became  more  and  more  fixed  in  his  mind 
thai  convection  is  tho  onlif  means  by  which  heat  is  diffused  in  liquids. 
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He  denied  them  all  power  of  true  conduction,  and  tbough  hie  expert' 
mcnts  did  not,  and  could  not,  prove  thisj  they  did  prove  that  in  tbe 
propagation  of  heat  througli  the  iiciiiidfl  he  examined,  which  were  water, 
oU}  and  mercury,  couduetiou.  played  an  eitremely  gohordinatc  part* 

Hiimford  changes  from  time  to  time  the  tone  of  the  philoetipher 
for  that  of  the  proiioher.  He  eeemB  tillod  with  religious  enthndaem 
on  contemplating  what  he  holde  to  be  the  wiedom  and  Wnevoleiice 
display ed  in  the  arrangement  of  the  phyeical  ivorld.  One  fact  iu 
particular  excited  thie  emotion,  De  Luc  had  pointed  out  that  wheu 
water  ia  eooledj  it  shrinks  in  volume,  until  it  reaches  a  temperature  of 
about  40°  Fohr.  At  thifi  point  it  ceauea  to  contract,  and  expands  when 
cooled  etill  further.  The  expansion  we  now  know  to  bo  due  to  in- 
cipient cryBtalliBation,  or  freezing,  which  when  it  once  sets  in  greatly 
enhances  tbe  expansion.  A  coneequence  of  thie  is  that  ice  floats  us  a 
lighter  body  upon  water.  This  fact  riveted  the  attention  of  Eumford, 
and  its  obvious  conBequenees  filled  him  with  tbe  enthusiasm  to  which 
I  have  referred^  He  was  strong,  but  uutraiued,  and  Lis  lauguiige 
wae  not  abvays  such  as  a  truly  diiiciplined  man  of  Bcienee  would 
employ*  "  Let  me,"  he  Bays,  '*  beg  the  attention  of  my  reader,  while 
I  endeavour  to  invcjstigato  this  mofit  interesting  subject,  and  let  me  at 
the  some  time  bespeak  bis  candour  and  indulgence.  I  feel  tbe  danger 
to  which  a  mortal  exposes  himaolf  who  has  the  temerity  to  undertake 
to  explain  the  designs  of  Infinite  Wisdom*  The  enterprise  is  adven- 
turouB,  hut  it  cannot  surely  be  improper." 

He  ** explains"  accordingly;  and,  notwithstanding  bis  professed 
bumility,  does  not  hesitate  to  brand  those  who  fail  to  see  with 
bis  eyes  as  "degraded,  and  quite  callous  to  every  ingenuous  and 
noble  sentiment,"  He  indulges  in  oxcnrHions  of  the  imagination 
with  a  view  of  rendering  clear  the  misftirtuues  that  would  accrue  if 
the  arrangement  of  tho  world  bad  been  different  from  what  it 
ie.  '*Had  not  Providence,  in  a  manner  which  may  be  well  con- 
sidered aa  miraculous,"  stopped  the  con  traction  of  water  before 
it  reached  its  freezing-point,  and  caused  it  to  expand  afterwards, 
a  single  winter  would  freeze  every  freeh-watiT  lake  within  the 
polar  circle  to  a  vast  depth,  ''and  it  io  muro  than  probable  that  the 
regions  of  eternal  frost  would  have  spread  on  every  side  from  the 
pules,  and,  advancing  towards  the  equator,  would  have  extended  its 
dreary  and  solitary  rcigu  over  a  great  part  of  what  are  now  the  most 
fertile  and  most  inhabited  climates  of  tbe  world  I"  He  expands 
this  thesis  in  various  directions,  the  whole  argimient  being  basad 
on  the  asBumption  that  *'  all  bodies  are  condcneetl  by  cold,  without 
limitfttiou,  wATiJi  OKLV  excepted/'  Repeated  di&appointmente  in  sudi 
matters  hav«  taught  us  caution.  Legitimate  grounds  for  wonder  exist 
everywhere  ai^ouud  us;  but  wonder  must  not  be  cultivated  at  thfl" 
expeuBO  vf  truth.  Brought  to  the  proper  teet,  tho  assumption  on 
which  Rumford  built  his  striking  tekological  arguracnt  is  found  to 
be  a  mere  quickt^and.  The  fact  that  be  adduces  as  unique  is  not  an 
exception  to  a  universal  law*    There  are  other  subfitances,  to  which 
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bis  reasoning  km  not  the  remoteBfe  appUcatiou,  which,  like  watery 
expand  bcfuFe  mx^  during  crystiilliiiatioii.  The  coDdttiime  neceseary 
to  the  Itfa  of  oar  planet  must  haye  existed  befoie  life  appeared ;  bat 
Vfhether  tboBO  conditions  bad  proepectire  referoace  to  life^  or  whether 
its  immnneDt  energy  did  not  seize  upon  conditions  which  grew  into 
being  without  any  rcjference  to  life,  we  do  not  know;  and  it  would  be 
mere  arrogance  at  the  present  day  to  dognmtiee  upon  the  sabjecvt. 

In  the  controveray  whether  beat  wae  a  form  of  matter  or  a  form 
of  motion^  Rumford  espoused  the  latter  view.  Now  those  who  eup 
|K>sed  heat  to  be  matter  natunilly  thought  that  it  might  be  ponder- 
nble^  And  exfierimeiits  Ikvouruble  to  this  notion  had  been  exeeut(^d. 
Operating  with  a  balance  of  extreme  delieaoy,  Rumford  took  up  this 
question,  and  treateil  it  with  gr^t  skill  and  eaution.  His  conclusion 
from  his  exf^erinients  was  that,  if  beat  be  a  eubstanee^ — a  fluid  atti 
i^eneriM — it  must  be  Bomething  so  infinitely  rare,  even  in  its  condensed 
Btate,  as  to  bfifile  all  our  attempts  to  diHCOver  its  gravity.  But  if  the 
opinion  which  has  been  adopted  by  many  of  our  ablest  pbilosopbers, 
that  beat  is  au  intestine  vibratory  motion  of  the  constituent  |>arts  of 
bodies,  should  bo  well  founded^  it  is  clear  that  tbo  weij^hta  of  bodies 
can  be  in  no  wise  affected  by  sticb  motion/'  The  weight  of  a  bell,  he 
urges  in  another  place,  is  not  nffected  by  its  eonorons  vibration. 

Early  in  the  year  1803,  he  Ijeing  then  in  Miaiieb,  Bumford  broke 
grottnd  in  the  domain  of  radiant  heat.  He  prepared  bright  metaUie 
T«8Aels,  filled  them  with  hot  water^  placed  them  in  a  large  and  quiet 
room,  and  observed  the  time  required  to  cool  them  down  a  certain 
nnmber  of  degreea.  Covering  some  of  hie  veBsels  with  Irish  linen 
and  leaving  others  bare,  be  found,  to  his  surprise,  that  the  covered 
vessels  were  more  rajiidly  diilled  than  the  nakerl  ones.  Comparing 
tn  the  same  room  a  thick  glass  bottle,  filled  with  hot  water^  with  a  tin 
bottle  of  the  some  shape  and  size,  he  found  that  the  water  in  the  glasa 
vessel  ooolcfl  twice  as  rapidly  as  that  in  the  tin  one.  When,  moreover, 
be  coated  bis  nietallie  vessel  with  glue,  the  cooling  process  was  hastened, 
as  it  bad  l>eon  by  tlie  linen*  Applying  a  second,  a  tliirtl,  and  a  fourth 
coating  of  glue,  he  found  the  eh  ill  tug  promotud ;  but  beyond  this  be 
Gftme  lo  a  point  where  the  addition  of  any  further  eoatings  produced 
ft  retardation  of  the  chilling.  Painting  some  of  bis  ves^ls  bhiek  and 
some  white,  bo  fuund  the  times  of  cooling  to  be  practically  the  same 
for  both^a  result  which  ho  schema  to  have  afterwards  forgotten. 
From  these  and  other  experiments  of  tbo  same  kind  be  drew  the  just 
conclusion  that  a  hot  body  docs  not  lose  it»  heat  by  the  mere  com- 
monicatiou  i^f  it  to  the  air,  but  that  a  large  proportion  of  the  beat 
escapes  In  raft**  the  ebcape  being  facilitated  by  the  gubstnnoea  with 
which  his  vessels  were  coatetl.  The  more  rapid  chilling  of  the  gloss 
bottle  was  due,  in  like  manner,  to  the  fact  that  glass  possesses  a 
greater  riuii alive  power  than  tin. 

H©  neit  applitia  biinstdf  with  energy,  zeal,  and  tenacity,  to  pK>vG 
that  there  are  frigorific  ruya  which  act  in  all  respects  like  ealorilic 
raya,  and  which  uujoy  an  individuality  quite  as  assured  as  that  of  lbs 


Iftttor.  Hg  pictures  hm  frigorific  rajs  as  produced  by  Yibratiotii 
of  a  spcscial  kind.  In  Piclet's  celebrated  eiperiment  of  coujqgate 
muTors,  and  in  many  other  esperimentSj  cbiUing  by  a  eold  bttdy 
ebowed  itself  to  be  &o  exactly  ana^logous  to  beating  by  n  warm  one, 
tbat  Ramford  never  could  abake  from  big  luind  the  naiaon  of  rays  of 
cold.  The  fall  of  the  thermometer  in  00 e  focus  when  a  lump  of  ice 
was  placed  in  the  other,  was  in  his  view  eansed  by  a  poeitiTe  eraiasion 
of  cold  rays  from  the  ice,  and  not  to  its  absorption  of  the  beat  radiated 
against  it  by  tbo  thermometer.  Those  Mgcvrific  rays,  he  saya,  wm¥\ 
suspected  by  Bacon,  Their  existence  was  actually  established  by 
the  ftcadomiciana  of  Florence,  but  these  learned  gentlemen  were  so 
**  blinded  by  their  prejudices  respecting  the  natwe  of  heat,  tbat  they 
did  not  believe  the  report  of  their  own  eyes," 

Bum  ford  indulges  in  various  untenable  speculation?  and  erroneous 
notions  regarding  the  part  played  by  clothings  by  the  blacknesa  of 
the  negro's  ekin^  and  by  the  oiled  surface  of  the  Hottentot.  We  are, 
he  contends,  kept  warm  by  our  cfothing,  not  so  much  by  contJumg 
our  heat  as  by  keeping  off  the  frigorifie  rays  which  tend  to  cool  ua»j 
He  reverts  to  the  respective  cases  of  a  black  nnd  a  white  man,  an^' 
describes  an  experimont  which  elucidates  his  views-  Ho  covered  two 
of  his  vessels  with  goldbeater's  skin,  aud  painted  one  of  them  black 
with  Indian  ink,  leaving  the  other  of  its  natural  white  colour.  Pilling 
both  vessels  with  hot  water,  he  loft  thorn  to  cotd  in  the  air  of  a  large^ 
quiet  room.  The  vessel  covered  with  the  black  skin  represented  a 
negro,  the  other  vessel  a  white  man ;  and  the  result  was  that  whil^ 
the  black  required  only  23^  minutes  to  cool,  the  white  man  required 
28  minutes.  The  practical  issue  of  the  Cfxperiment  is  thus  stated: — 
"All  I  will  venture  to  say  on  the  subject  is,  that  were  I  calle^i  Id 
inhabit  n  very  hot  country,  notliing  should  prevent  mo  from  making 
the  experiment  of  blackening  my  gkin^  or,  at  least,  of  wearing  a  black 
shirt,  in  the  shade,  and  especially  at  nighty  in  order  to  find  out  if,  by 
those  means,  I  could  not  contrive  to  make  myself  more  comfortable/' 

There  was  at  times  a  beiul strong  element,  if  I  may  use  the  term, 
in  Humford's  scientific  reasoning.  He  here  overlooks  the  fact  that  in 
»  former  experiment  ho  found  scarcely  an  appreciable  di 
between  white  and  black  as  regards  their  jwwers  of  cooiiug.  He 
fur  gets  the  possiblG  influeiice  of  a  second  coating,  which  bis  former 
experiments  had  revealed.  As  regards  the  negro  and  the  white  man. 
Rum  ford's  first  experiment  illustrated  the  ctise  more  correctly  than 
any  subsequent  ones.  There  are,  moreover,  transparent  8ubstanc*3S 
which,  used  as  vamiBhes,  would  not  have  impaired  the  whiteness  o* 
the  goldbeater's  skin,  but  which  would  have  hastened  the  cooling 
quite  as  much  as  the  Indian  ink. 

Those  who  are  acquainted  with  Sir  John  Leslie's  experimetits  on 
radiant  heat  will  not  fail  to  notice  that  he  aud  Rumford  travelled 
over  common  ground.  With  a  view  of  setting  this  matter  right 
Eumford  wrote  a  pa]X!r  entitled  ^*Hietorieal  Review  of  Eiperimenta 
on  the  Subject  of  Ht^at,"  in  which  be  shows  that  his  CKperimeota 
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were  not  only  talked  about  and  executed  before  loarned  flocietiee,  bat 
that  tliey  were  in  port  publiahed  prior  to  the  appearance  of  Leslie's 
celebrated  wurk  in  IBQA.  Still  tke  style  of  that  work  fumiBbeB,  I 
til  ink  J  internal  evidence  of  its  perfectly  independent  character,  while 
the  extent  and  Tariety  of  Leslie'e  labonrs  render  it  practically 
imposBible  that  they  uonld  bare  been  derived  from  anything  that 
Kumfard  bad  previonsly  done*  The  two  philosophers  bad  no  personal 
knowledge  of  ^cb  other,  aud  the  credit  to  be  awarded,  where  tbey 
deal  with  the  Bame  subject,  belongB,  I  think,  equally  to  both. 

Romford'fl  expc^rimental  work  waa  far  smaller  in  quantity  than 
that  of  Lealio,  but  in  regard  to  theory  he  must  be  conceded  the 
highest  placo«  In  theory  Leslie  was  inconBistent  and  confused,  while 
Rumford,  judged  by  the  circumstances  of  his  time,  waa  in  tbo  roaiu 
clear  and  correct.  The  part  played  by  the  luminiferoufl  ether  in  the 
phenomena  of  light  had  been  revived  aud  enforced  by  the  powerful 
experiments  of  Dr.  Thomas  Young.  The  nndnlatory  hypothesis  waa 
therefore  at  band,  and  Humford  made  able  use  of  it.  Kc  has  written 
a  paper  entitled  *'  Beflectiona  on  Heat,"  in  which  he  describes  the 
views  regarding  its  nature  that  were  prevalent  in  his  time.  "  Some," 
be  aays,  **  regard  it  as  a  suhstance,  others  aa  a  mhratoty  motion  of  the 
particleB  of  matter  of  which  a  bihly  is  composed.**  The  heating  of  a 
body  is,  on  the  one  by p{ 'thesis,  due  to  the  accumulation  within  it  of 
ecdofiCi  while  others  hold  the  heating  to  lie  due  to  the  acceleration  of 
the  vibratory  motion.  "  Oo  the  hypotbeais  of  vibratory  motioDj  a 
body  which  has  become  cold  is  thought  to  have  lost  nothing  except 
motion ;  on  the  other  hypothesis^  it  is  supposed  to  have  lost  some 
materiiJ  substance."  The  loss  of  motion  Euraford  clearly  apprehends 
to  be  due  to  its  commtmication  to  "  an  emiQcntly  elastic  fluid — an 
ether  which  fills  all  space  throughout  the  universe."  The  tbeoretio 
noUons  thus  expressed  are,  in  point  of  clearness  and  correctness,  far 
in  advance  of  those  eotertained  by  Leslie, 

As  already  mentioned,  the  fact  of  water  cbanging  its  density  at  a 
temperature  of  40"^  Fahr.,  powerfully  affected  the  mind  of  Bumford. 
On  this  subject  he  made  many  experiments;  and  one  of  the  minor 
applications  of  the  knowledge  thus  derived  may  be  here  noted.  In 
ciiuipany  with  his  friend  Professor  Pictet,  of  Geneva,  ho  paid  a  visit 
to  the  Mer  de  Glace,  and  discovered  in  the  ice  a  pit  '*  perfectly  cylin- 
drical, about  7  incbes  in  diameter,  aud  more  than  4  feet  deep,  quite 
full  of  water."  Ho  was  iu formed  by  bis  guides  that  these  pits  are 
funned  in  summer,  and  gradually  incroase  in  dcspth  during  the  warm 
weather.  How  can  these  pits  deepen  ?  Itumfurd  answers  thus  : — 
The  warm  winds  which  in  summer  blow  over  the  surface  of  the 
column  of  ice-eold  water,  communicate  some  small  degree  of  heat  to 
the  fluid.  The  water  at  the  flurfaco  being  tbas  rendered  specifically 
heavi^ir,  sinks  to  the  bottom  of  the  pit,  to  which  the  beat  thus  carried 
down  is  communicated,  the  depth  of  the  pit  being  thereby  iiicreat>ed. 
We  have  here  a  small  spocimon  of  Bnmford*s  penetratiuti,  hut  it  is  a 
very  interesting  ona    The  sud  s  invisible  rays,  however,  are  probably 


more  influential  tLan  the  action  of  tbe  warm  wind  m  prodacing  the 
obsarved  efl'tict. 

Varimia  interesting  oxpcrimentB  were  made  bj  Rtimford  on  wbat 
ie  now  kiio^vn  as  *'  surface  tension,"  From  kia  experiments  lie  in- 
ferred that  tho  surface  of  a  liquid— of  water  for  example^ — m  covened 
by  a  pellicle  wbich  can  be  caused  to  trerabl©  throughout,  by  toncbing  it 
with  the  point  of  a  needle.  He  propoBed  to  the  geomotrioians  of 
Paria  to  determine  the  shape  of  a  drop  resting  on  a  horizontal 
aniface,  and  reetrained  solely  by  the  resistance  of  a  pellicle  exert mg  a 
given  force  on  its  surface.  This  pellicle  he  considers  to  be  due  to 
the  adhesion  of  the  particles  of  liquids  to  each  other,  and  he  makes 
various  ingenious  calculations  to  determine  the  size  of  a  particle  of 
heavy  matter,  of  gold  for  iuBtauce,  which  would  rest  suspended  in 
water  because  of  its  inability  to  force  asunder  tho  particles  of  the 
liquid.  The  diameter  of  a  sphere  of  gold  which  would  behave  in  this 
way  he  found  to  be  ytt^iVos  <>f  ini^. 

Even  among  scientific  men,  probably  few  are  aware  that  Bumford 
e:£pei'imented  on  the  diffusion  of  liquids ;  a  field  of  investigation  in 
which  Gritham  afterwards  rcudcred  himself  so  eminent  Into  a  glass 
cylinder^  1|  inch  in  diameter  and  8  inches  hi^h,  he  poured  a  layer  of 
satunitcd  at^ueous  solution  of  muriate  of  soda  3  inches  thick,  over 
this  ho  carefully  poured  a  layer  of  distilled  water  of  the  same  thick- 
nesB«  he  then  let  a  drop  of  the  oil  of  cloves  fall  into  the  vessel.  This 
oil,  being  heavier  than  the  pure  water  and  lighter  than  the  aoiution, 
rested  ati  a  sphere  at  the  common  bouudary  of  the  two  liquids.  A 
layer  of  olive  oil  four  lines  in  thicknefis  was  then  poured  over  tho 
water,  in  order  to  shut  the  air.  The  object  of  tho  experiment  was 
to  ascertain  whether  oue  liquid  remained  permanently  superpose<l 
upon  the  other  without  any  mixing.  If  this  proved  to  be  the  case 
the  position  of  the  drop  of  oil  would  remain  constant ;  but  if  the 
heavy  mineral  solution  rose  into  the  water  overhead,  the  drop  of 
oil,  which  Rumford  called  hia  "  little  sentinel,"  would  warn  bim  of 
the  event  by  rising  in  the  liquid.  After  twenty-four  hours  ho  entered 
the  cellar  in  which  the  eiperiment  was  made,  and  found  that  the  little 
ball  of  oil  had  risen  three  lines.  For  six  days  it  continued  to  rise  at 
the  rate  of  about  three  lines  a  day.  He  afterwarda  eiperimented  with 
other  solutions,  the  result  being  **  that  tho  mixture  went  on  continually, 
but  very  slowly,  between  the  various  aqueous  solutions  employed  and 
the  distilled  water  resting  upon  them,"  Eumford*s  experiments  wore 
probably  prompted  by  his  views  on  molecular  physics.  He  would 
haitily  have  thought  of  tho  foregoing  arrangement  were  not  the  inteetine 
motions  of  tho  ultimate  particles  of  bodies  present  to  his  mind.  He 
is,  moreover,  quite  aware  of  the  importauce  of  the  result  which  he  has 
h%fB  established.  He  says  that  tho  subject  has  often  occupied  his 
thoughts,  and  ^at  he  had  at  difercnt  times  made  "  a  considerable 
number  of  experiments  with  a  view  of  throwing  light  into  the  profound 
darkness  with  which  tho  subject  is  shrouded  on  every  side.*' 

Hifi  manifuld  industry  was  devoted  in  part  to  steam  considered  as 
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m  vebick  for  transporting  beat ;  on  the  in  cans  of  increaBing  the  boat 
btainod  in  the  coinbtiBtion  of  fuel ;  on  a  now  steam  boiler,  in  Vfbicb 
«  have  a  forecaflt  of  the  tubular  boiler  of  George  Sf  even  son.  After 
Bome  preliniinary  experiments  on  wood  tind  charcoftl,  be  definitely 
takes  up  tbe  important  inT<^Btigatioii  of  tbe  quantity  of  beat  developed 
in  combuation,  a»d  in  the  condensation  of  vapounir.  He  describes  tbe 
new  caloriiaeter  employed  in  the  iuqdry.  It  was  a  kind  of  worro, 
tbroRgb  which  tbe  heated  air  and  products  of  combiistioo  were  led, 
and  in  which  the  heat  was  delivered  up  to  cold  water  snrroundiug  tbe 
worm* 

He  eiperimonted  upon  white  wax,  spirit  of  wine,  alcoholj  snlpbnric 
ether,  naplitluij  charcoal,  wood,  and  inflamnuiblo  gases.  Whenever 
it  was  poK^iblo  lie  aimed  at  quantitative  results,  and  in  the  present 
inatance  he  '*  estimated  the  calorific  power  of  a  body  by  the  number 
of  parts,  by  weight,  of  water,  which  one  part,  by  weight,  of  the  body 
wonld»  on  perfect  combustion,  raiso  one  degree  in  temperature.  Thus, 
1  lb.  of  charcoal,  in  combining  with  2^  lbs.  of  oxygen,  to  form  car- 
bonic acid,  evolves  beat  sufficient  to  raise  the  temperature  of  about 
8000  lbs,  of  water  1*  C.  Similarly,  I  lb.  of  hydrogen,  in  combining 
with  8  lbs.  of  oxygen,  to  form  water,  generates  an  amount  of  beat 
euffictent  to  raise  34,000  lbs.  of  water  1°  C.  Tbe  calorific  powers, 
therefore,  of  carbon  and  hydrogen  are  as  8 : 34,  The  refined  re- 
eeiiLrcbes  of  Favre  and  Silbermann  entirely  confirm  these  determina- 
tions of  Rumford/'^ — (Percy.)  Following  the  experiments  on  com- 
bofltion,  we  have  others  made  to  determiDe  the  quantity  of  heat  eet 
&ee  hj  tbe  condensation  of  varions  vaj>ours,  and  the  capacity  of 
vmrions  liquids  for  heat.  We  have  also  an  elaborate  inquiry  into  the 
atructure  of  wood,  the  specific  gravity  of  its  solid  parts,  the  liquids 
and  elaattc  finids  contained  in  it,  the  quantity  of  charooal  to  be  ob- 
tained from  it,  aud  the  beat  generated  by  the  combustion  of  wood  of 
different  kinds. 

But  the  main  object  of  Rnmford's  life  and  the  subject  which  ohiofly 
mlareeted  him  was  the  practical  management  of  ire,  and  tbe  economy 
of  foel-  Eighty-seven  pages  of  the  second  volume  of  his  collected 
works  are  devoted  to  this  subject.  Tho  whole  of  the  third  volume  ifl 
devoted  to  it,  while  a  large  portion  of  tho  fourth  and  last  volume 
in  occupied  with  kiddred  questions.  Bome  of  those  essays  are  rather 
tiraaome  to  a  reader  of  tbe  present  day,  and  Hiimford  had  a  suspicion 
that  they  might  appear  so  to  contemporary  readers.  "  I  believe,"  he 
aaya,  that  I  am  sometimes  too  prolix  for  the  taste  of  tbe  age ;  but  it 
ihonld  be  remembered  that  the  subjects  I  have  undertaken  to  inves- 
Itgste  are  by  no  means  indifibront  to  me ;  that  I  conceive  them  to  be 
iotiaifttely  conneote*!  with  the  comforts  and  enjoyments  of  mankind  ■ 
iiid  that  a  habit  of  revolving  them  in  my  mind,  and  reflecting  on  their 
estenaive  usefulness,  has  awakened  my  enthusiaam,  and  rendered  it 
quite  impossible  for  me  to  treat  them  with  ctild  indiffcrenco." 

For  the  most  part,  it  ia  only  when  Eumfortl  is  self-coneeious  that 
ihi«  t^um  appears.   He  wiabet  to  excito  bia  reader's  interest,  and 
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FonietiiDes  ndopta  ineiiTifi  to  thiB  end  which  defeat  tbemselveB.  Sucli  is 
the  case  wlien  he  dwells  with  reiteration  on  the  refined  and  exquisite 
pleasur^i  which  he  dcrivefi  from  being  of  service  to  humanity*  Some 
also  would  deem  him  tediou«,  though  I  deem  him  cnurageoua,  when 
he  deals  with  the  details  of  his  schemes.  Ho  leaves  no  stone  im turned 
in  his  effort  to  render  himself  clear.  He  is  in  many  caeea  simply 
writing  out  a  epecificfttion,  to  be  followed  in  all  particulars.  H« 
gives  directions  as  to  the  manner  in  which  a  slice  of  hastj  pudding 
is  to  be  eaten,  A'fimall  pit  i«  to  be  dtig  in  the  eentre  of  the  cake,  a 
piece  of  butter  placed  in  the  pit,  while  the  removed  bit  is  to  be  placed 
cn  the  butter  to  aid  in  melting  it.  You  then  begin  at  the  circniDferentse 
of  yonr  pudding,  and  eat  all  round,  dipping  each  piece  in  the  butter 
before  conveying  it  to  the  mouth.  Such  detailt?  were  eure  to  provoke 
sarcasm,  and  thoy  did  provoke  it.  But  amid  the  verbosity  we  have 
inceseant  flashes  of  practical  wisdom  and  examples  of  intellectual 
force.  When  he  ceases  to  think  of  the  exquisite  delight  of  his  phi- 
lantliropic  lahcmrs — crises  to  think  of  himeolf — and  ponnita  his  own 
personality  to  bo  eflFaced  by  his  subject,  we  see  Rumford  at  hia  beet ; 
and  his  best  was  excellent.  Suggestion  follows  suggestion,  experi- 
ment succeeds  experiment,  until  he  has  finally  exhausted  his  subject, 
or  is  pulled  np  by  inability  to  proceed  further* 

He  tested  quantitatively  the  relative  intenfiities  of  various  lights;, 
constructing,  while  doing  so*  hie  well-known  photometer.  Placing 
two  lights  in  front  of  a  white  screen,  and  at  the  same  distance  from  it, 
and  fixing  an  opaque  rfvd  lititween  the  lights  and  the  screen,  ho  obtoiiied 
two  shadows  cori^flpiinding  to  the  two  lights.  When  the  lights  were 
equally  intense,  the  Bhadows  were  equally  dark,  but  when  one  of  the 
lights  was  mnre  powerful  than  the  otiier  the  shadow  corresponding  to 
that  other  was  rendered  pale,  b<  cause  the  light  from  the  most  intense 
Bource  fell  upon  it.  Removing  tho  more  intense  light  further  from 
the  screen,  until  a  point  was  reached  when  the  shadows  appeared 
equal,  Rumford  obtainod  all  the  elements  necessary  for  the  computa^ 
tion  of  the  relative  intensities  of  the  lights.  He  had  only  to  apply 
the  law  of  iuverse  square,  which  makes  a  double  distance  correspond 
to  a  fourfold  intensity,  a  treble  distance  to  a  ninefold  intensity,  and 
BO  on.  In  connection  with  these  experiments  he  dwells  repeatedly 
upon  a  defect  which  harasses  the  oflBcial  gsis  examiners  of  the  present 
day,  and  that  is  the  fluctuations  of  tho  candles  used  as  standards  of 
measnroraent.  These  photometric  measurements  are  succeeded  by  a 
brief,  but  beftUtiful  essay  on  "  Coloured  Shadows,"  which,  in  conneo 
tion  with  another  short  es«ay  on  the  "  Harmony  of  Colours,"  strik- 
ingly illustrutcit  Rumford*s  penetration  and  experimental  skill.  He 
produced  two  ehndows,  one  from  daylight,  the  other  from  candle- 
light. The  daylight  shailow  being  shone  upon  by  the  candle,  w( 
as  might  be  expected, yellow,  because  the  candle  sheds  a  yellow 
But  the  other  shadow,  instead  of  being  ctdourlesH,  was  "  the  roo«t 
beautiful  blue  that  it  was  possible  to  imngine."  He  states  clearly 
that  the  colour  of  one  shadow  is  real,  while  that  of  the  other  is  imagi- 
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DJiry*  He  finds  it impossiblo  to  ijrwluce  two  shadowt  at  the  same 
time  from  tlje  same  body,  the  one  answering  to  a  beam  of  daylight, 
and  the  other  to  the  light  of  n  catitlle  or  lamp,  without  these  shadows 
being  coloured,  the  one  yellow,  and  the  other  blue"  He  obtained 
sliadows  from  a  light  coloured  by  means  of  iiitetposed  glasees^ 
ami  compared  tbem  with  ^budows  obtained  from  uncoloured  light. 
The  ahatiowH  were  always  coloured  when  the  lif^hts  differed  from 
each  other  in  white nass,  and  the  colours  of  the  shadows  were 
always  such  as,  when  added  together,  prodaced  a. pure  white.  The 
peal  colour  in  fact,  evaked,  or  "  called  up,"  or  emnujoued  an  imagi- 
nary complomentary  colotir.  Gouthe  prt »bably  derivoti  the  expri'ssion 
**  geforderte  Far  hen,"  which  occurs  so  often  in  the  "  Farbeolebre  ** 
from  the  terminology  of  Rumfurd, 

But  the  experiments  and  discuseiou  on  which  the  fame  of  Biimford 
mainly  rest  are  described  in  an  esaay  of  twenty  images,  which  almost 
vanishes  in  compariBon  with  the  sum  total  of  his  published  work. 
A  cannon  foundry  hrul  been  built  under  his  snperLntBudence  at 
Himtch,  where  the  heat  developed  during  the  boring  of  cannon 
powerfully  attracted  his  attention.  Upon  this  heat  he  made  numerous 
tentative  ei(*cTiments  which  are  described  in  the  CBsay.  With 
the  view  of  det<irmining  its  eitact  qniintity,  he  cut  a  cylinder  from 
the  muzzle  end  of  a  gun  not  yet  bored^  partially  hollowed  out 
this  cylinder,  and  fitted  into  it  a  borer  which  reaerahled  a  blunt 
chisel  in  shape.  The  borer  being  strongly  pressad  against  the 
bottom  of  the  cylinder,  it  was  caused  to  rotate  by  horso-powor.  Ha 
Borremided  his  cylinder  with  a  wooden  box,  filling  tho  box  with  water 
which  embraced  the  entire  cylinder.  Soon  after  the  starting  of  the 
rotation,  the  water  felt  warm  to  the  band.  In  an  hour  it  had  risen  to 
107'*  in  temperature.  In  two  hours  and  twenty  minutes  it  had  risen 
to  200°,  while  in  two  hours  and  thirty  minutes  it  ivctually  boiled. 

Rnmford  carefully  estimated  the  quantity  of  heat  possessed  bj 
each  portion  of  his  apparatus  at  the  concluision  of  his  experiment,  and 
adding  all  together,  found  a  total  sufficient  to  raii^e  2G '  58  lbs.  of  ioe- 
ocdd  water  to  its  boiling-pointy  or  through  180°  Fahr.  By  careful 
Uilcalation  he  fonnd  this  heat  equal  to  tliat  given  out  by  the  com- 
bnation  of  2303*8  grains  (=  oz.  troy)  of  wax.  He  then  deter- 
mined the  'celerity'  with  which  the  heat  was  generated,  summing 
tip  thus:  'From  the  resolta  of  these  oumputations  it  appears  that 
the  quantity  of  heat  produced  equably,  or  in  a  oontinuous  stream,  if 
I  may  use  the  express) oUh,  by  the  &iction  of  the  blunt  steel  borer 
against  the  bottum  of  tho  hollow  metallic  cylinder,  was  greater  than 
that  produced  in  the  combustion  of  nine  wax  candles,  each  three- 
quarters  of  an  inch  in  diameter,  all  burning  together  with  clear 
bright  flames/ 

*  One  horse,*  he  continue«  ,  *  would  have  bee  a  equal  to  the  work 
performed,  though  tw^o  were  actually  employed.  Heat  may  thus  bo 
produced  merely  by  tho  strength  of  a  horse,  and,  lu  a  case  of  neoes- 
uty,  this  heat  might  be  used  in  cooking  Tictuals.  But  no  ciicum£tance« 
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conld  be  imagined  in  which  this  method  of  piocuring  heat  would  be 
advantageons;  for  more  heat  might  be  obtained  by  nsing  the  fodder 
necessary  for  the  Bnpport  of  a  horse  as  fael.'  ** 

This  is  an  extremely  significant  passage,  intimating,  as  it  does, 
that  Bomford  saw  clearly  that  the  force  of  animals  was  derived  from 
the  food,  no  creation  of  force  taking  place  in  the  animal  body. 

"  By  medita^g  on  the  results  of  all  these  experiments  we  are 
naturally,*'  he  says,  "  brought  to  the  great  question  which  has  so  often 
been  the  subject  of  speculation  among  philosophers,  namely.  What  is 
heat — is  there  any  such  thing  as  an  igneous  fluid  ?  Is  there  anything 
that;  with  propriety,  can  be  wdled  caloric  ?  "  ,  > 

"  We  have  seen  that  a  very  considerable  quantity  of  heat  may  be 
excited  by  the  friction  of  two  metallic  surfaces,  and  given  off  in  a 
constant  stream  or  flux  in  all  directions,  without  interruption  or 
intermission,  and  without  any  sigus  of  diminution  or  exhaustion.  In 
reasoning  on  this  subject,  we  must  not  forget  that  most  remarkable 
circumstance,  that  the  source  of  the  heat  generated  by  friction  in 
these  experiments  appeared  evidently  to  be  inexhaustible.  It  is 
hardly' necessary  to  add  that  anything  which  any  insulated  body  or 
system  of  bodies  can  continue  to  furnish  without  limitation  cannot 
possibly  be  a  material  substance ;  and  it  appears  to  me  to  be  ex' 
tremely  difficult,  if  not  quite  impossible,  to  form  any  distinct  idea 
of  anything  capable  of  being  excited  and  communicated  in  those 
experiments,  except  it  be  Motion."  * 


*  *  Heat  a  Mode  of  Motion,'  Lecture  II. 
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On  EainbowB. 

Th*  oldest  historic  reforenoe  to  tke  rainbow  is  known  to  ttU ;  '*  I  do 
get  my  how  in  the  cloud,  and  it  shall  be  for  a  token  of  a  oo^enant 
between  me  and  the  earth.  .  .  .  Aod  the  bow  ahall  be  in  the  cloud ; 
and  I  fihall  look  npcm  it,  that  I  may  remember  the  QTorlagtiDg 
covenant  botwoen  God  and  every  living  creature  of  aU  flesh  that  i« 
npon  the  earth,"  To  the  sablime  conceptions  of  tbe  theologian 
•itooeeded  the  desire  for  exact  knowledge  charooterifitic  of  the  man  of 
■cience.  Whatever  its  ultimate  cause  Bright  have  been,  the  proiimate 
canae  of  the  rainbow  waa  pliyaical,  and  tbe  aim  of  ecJence  was  to 
acooimt  for  tbe  bow  on  physical  principles,  Progi^sa  towarda  this 
contamination  was  very  slow.  Slowly  the  anciente  mastered  the 
principles  of  reflection.  Still  more  slowly  were  the  laws  of  refrac- 
HoD  dag  from  the  quarries  in  which  nature  had  embedded  them.  I 
nse  this  language^  because  the  laws  were  incorporate  in  nature  before 
they  were  discovered  by  man.  Until  ^e  time  of  Alhazan,  an  Arabian 
ma&ematician,  who  lived  at  the  beginning  of  the  twelfth  century, 
the  views  entertaiaod  regarding  refraction  were  utterly  vague  and 
incorrect.  After  Alhazan  cftme  Roger  Bacon  and  Vitellio,*  who  mads 
ftad  neoorded  many  observations  and  measurements  on  the  subject  of 
re&ftction.  To  them  succeeded  Kepler,  who,  taking  the  results 
tftbnlated  by  his  predecessors^  applied  his  amazing  industry  to  extract 
from  them  their  meaning — that  is  to  say,  to  discover  the  physical 
principles  which  lay  at  their  root.  In  this  attempt  he  was  less  suc- 
oeaafnl  than  in  bis  astronomical  labours.  In  1604,  Keplor  published 
bia  *  Supplement  to  Vitellio,'  in  which  he  virtually  acknowledged  his 
defeat^  by  enunciating  an  approximate  rule,  Instead  of  an  all- satisfying 
nataral  law.  The  discovery  of  such  a  hiw,  which  constitutes  one 
of  the  chief  comer-stones  of  optical  science,  was  made  by  Willebrord 
&QcIl«  abont  16214 


*  Whewell  ('  HUtorj  of  the  Iiiductive  Bciencca/  vol  up.  MS)  dewribf  b  Vit^llid 
ift  4  Vo\o.  mother  wiu  &  Pole;  but  Foggeodufjf  (*  Handwortsrbiich 

ti*cten  Wi»ieo«h»fien ')  claiaii  Vitellio  himaelf  m  «  Gtsnnfta,  bom  in  Tburingoa. 
•*  Vitdlk}'*  b  described  bb  a  otirraption  of  Wiiolo. 

t  Born  at  Leaden  1591 ,  di^  l&W. 
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A  ray  of  light  may,  for  our  purposes,  be  presented  to  the  mind  as 
a  Inminoiis  Btnught  line.  Let  sncli  a  ray  be  supposed  to  fall  vortically 
npon  a  perfectly  calm  water  snr&ce.  Tbe  incidence^  as  it  is  called, 
is  then  perpendicular,  and  the  ray  goes  through  the  water  without 
deviation  to  the  right  or  left*  In  other  words,  the  ray  in  the  air  and 
the  ray  in  the  water  form  ono  continuous  straight  lino.  But  the  loagt 
deviation  fcom  the  perpendicular  <^nses  the  ray  to  be  broken,  or 
recocted/'  at  the  point  of  incidence.  What,  then,  ig  the  law  of 
le&action  discovered  bySnell?  It  is  this,  that  no  matter  how  the 
angle  of  incidence,  and  with  it  the  angle  of  refraction,  may  vary,  the 
relative  magnitude  of  two  HQes»  dependent  on  these  angles,  and  called 
their  sines,  remains,  for  the  same  medium,  perfectty  unchanged- 
Measure,  in  other  words,  for  various  angles,  each  of  these  two  lines 
with  a  scale,  and  divide  the  length  of  the  longer  ono  by  that  of  the 
shorter ;  then,  however  the  lines  individually  vary  in  length,  the 
quotient  yielded  by  this  division  remains  absolutely  the  same.  It  is, 
in  fact,  what  is  cafied  the  index  of  redaction  of  the  medium. 

Science  is  an  organic  growth,  and  accurate  measurements  give 
coherence  to  the  scientific  orgamsm.  Were  it  not  for  the  antecedent 
discovery  of  the  law  of  ainos,  founded  as  it  was  on  exact  measure- 
ments, the  rainbow  could  not  have  boon  explained.  Again  and  again, 
moreover,  the  angular  distance  of  the  rainbow  from  tho  sun  had  been 
determined  and  found  constant  In  this  divine  remembrancer  there 
was  no  variableness.  A  line  drawn  from  the  aun  to  the  rainbow,  and 
another  drawn  from  the  rainbow  to  the  observer's  eye,  always  enclosed 
an  angle  of  41°,  Whence  this  steadfastness  of  position — this  infleiibld 
adherence  to  a  particular  angle  ?  Newton  gave  to  De  Domini  a  * 
the  credit  of  the  answer  ;  but  we  really  owe  it  to  the  genius  of  Des^ 
cartes.  He  followed  with  hie  mind's  eye  the  rays  of  light  impinging 
on  a  raindrop.  He  saw  them  in  part  reflected  from  the  outside  surface 
of  the  drop.  Ho  saw  them  refracted  on  entering  the  drop,  reflected 
from  its  back,  and  again  refracted  on  their  emergence.  Descartes 
was  ac<iuainted  with  the  law  of  Suoll,  and  taking  up  his  pen  ho  cal- 
culated, hy  moans  of  that  law,  the  whole  course  of  the  rays.  He 
proved  that  the  vast  majority  of  them  escaped  from  the  drop  as 
div^gmt  rays,  and,  on  this  account,  soon  became  so  enfeeblod  as  to 
produce  no  sensible  effect  upon  the  eye  of  an  observer.  At  one  par- 
ticular angle,  however— namely,  tho  angle  41°  aforesaid — fiiey 
emerged  in  a  practically  parallel  sheafs  In  their  union  was  strengtK 
for  it  was  this  particular  sheaf  which  carried  the  light  of 
**  primary  "  rainbow  to  the  eye* 

There  is  a  certain  form  of  emotion  called  intelleetnal  plensurc, 
which  may  be  excited  by  poetry,  literatore,  nature,  or  art.    But  I 


•  Atohliiahop  of  Spalfttro,  and  Prironte  of  Dnlmiitia.  Fled  to  England  hbnnt 
1616 ;  became  a  Protestfttit,  and  wna  made  DftiiD  of  Windaor.  Retiirneil  to  I  Lair 
and  reHuraed  CathDlicism  r  but  wua  bunded  over  to  the  Inquisition,  and  diod 
in  priaon  (PoggeudorfTs  *  Biogrii|ibic«l  Diotionury  *). 
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doubt  whether  among  the  pleasnres  of  the  intellect  there  is  any  more 
pur©  and  con  cell  tratod  than  that  oiperienced  by  the  scientific  man 
when  a  difficnlty  which  has  challoogcd  the  human  mind  for  ages 
melts  before  his  eyes,  and  recrystaUiscs  as  an  illtiBtration  of  natural 
Uw.  TkiB  pleasure  was  donbtlesa  experienced  by  Descartes  when  he 
eacceeded  in  phicing  upon  its  true  physical  basis  the  most  splendid 
meteor  of  our  atmosphoro.  Descartes  showed,  moreover,  that  the 
"  secondary  bow  "  was  prodnced  when  the  rays  of  light  nndorwent  two 
reflections  within  the  drop,  and  two  refractions  at  the  points  of  inci- 
dence and  emergence. 

It  is  sai^l  that  Descartes  behaved  ungenerously  to  Snell — that, 
though  acquainted  with  the  unpublished  papers  of  the  learned  Dutch- 
man, he  failed  to  acknowledge  hie  indebtedness.  On  this  I  will  not 
dwell,  for  I  notice  on  the  part  of  the  public  a  tondcBcy,  at  all  events 
in  some  cases,  to  emphasise  such  fihortoominga.  The  temporary  weak- 
ness of  a  great  man  is  often  taken  as  a  sample  of  his  whole  chamcten 
Th^  wpot  upon  the  snu  nsurps  the  place  of  his  "  snrpaBsing  glory/* 
This  IS  not  unfrequent,  btit  it  is  novertboless  unfair. 

Desc^irtes  proved  that  according  to  the  principles  of  refraction, 
a  circular  hand  of  light  must  appear  in  the  heavens  exactly  whore 
the  rainbow  is  seen.  But  how  are  the  colours  of  the  bow  to  bo 
aocoimtod  for  ?  Here  his  penetrative  raind  came  to  the  very  verge 
of  the  solution,  but  the  limits  of  knowlodge  at  the  time  barred  his 
further  progFosa.  Ho  connected  the  colours  of  the  rainbow  with 
those  producod  by  a  prism  ;  but  then  these  latter  needed  explanation 
jnst  as  much  as  the  colours  of  the  bow  itself.  The  solution,  indeed, 
was  not  possible  until  the  composite  nature  of  white  light  had  been 
demonstrated  by  Newton.  Applying  the  law  of  Snell  to  the  different 
colours  of  the  spectrum,  Nowton  proved  that  the  primary  bow  must 
ooDnist  of  a  series  of  concentric  circttlar  bands,  the  largest  of  which 
m  red,  and  the  smallest  violet ;  while  in  the  secondary  bow  these 
oolonrs  must  be  reversed.  The  main  secret  of  the  rainbow,  if  1  may 
use  snch  langnage,  was  thus  revealed. 

I  have  said  that  each  colour  of  the  rainbow  is  carried  to  the 
w  by  a  sheaf  of  approximately  parallol  rays.  But  what  determines 
um  parallelism?  Here  ova  real  difficulties  begin,  but  they  are 
to  bo  surmounted  by  attention.  Lot  us  endeavour  to  follow  the 
course  of  the  solar  rays  before  and  after  they  impinge  upon  a  spherical 
drop  of  water.  Take  first  of  all  the  ray  that  passes  through  the 
centre  of  the  drop.  This  parti cnlar  ray  strikes  the  back  of  the  drop 
as  a  perpendicular,  its  reflected  portion  returning  along  its  own 
OOQise*  Take  anothor  ray  close  to  this  central  one  and  parallel 
to  it — for  the  9nn*s  rays  when  they  reach  the  earth  are  parallel. 
When  this  second  ray  enters  the  drop  it  is  refracted  ;  on  reaching  the 
hack  of  the  drop  it  is  there  reflected,  being  a  second  time  refracted 
on  its  emergence  from  the  drop.  Here  the  incident  and  the  emergent 
lays  enclose  a  small  angle  with  each  other.  Take  again  a  third 
fiy  a  little  further  from  the  central  one  than  the  last.    The  <]rr>p 
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will  act  upon  it  as  it  acted  npon  its  neigbbourj  tLe  iQcidant  iind 
emergent  rays  incloBing  in  tkis  instance  a  larger  angle  than  before,. 
As  we  retreat  farther  from  the  central  ray  the  enlargement  of  thit 
angle  continues  up  to  a  certain  pointy  where  it  leaches  a  maximum, 
after  which  further  retreat  from  the  central  ray  diminiahes  the  angle. 
Now,  a  maximum  reeembles  the  ridge  of  a  hill,  or  a  watershed, 
from  which  the  land  falls  in  a  slope  at  each  side.  In  the  case 
before  ua  the  diTOrgence  of  the  ray  a  when  they  quit  the  raindrop 
would  be  represented  by  the  etoopnosa  of  the  slope.  On  the  top  of 
the  watershed — that  ia  to  say,  in  the  neighbourhood  of  our  masimum 
— m  a  kind  of  summit  le^el,  where  the  slope  for  some  distance  almost 
dtsappeari.  But  the  disappear auce  of  the  slope  indicates,  in  the 
case  of  our  raindrop,  the  absence  of  divergence*  Hence  we  find  that 
at  our  masimnm,  and  close  to  it,  there  issues  from  the  drop  a  sheaf 
of  raya  which  are  nearly,  if  not  quite,  parallel  to  each  other.  These 
are  the  so-ctiUed  "  etfective  rays  "  of  the  rainbow.* 

Let  me  here  point  to  a  series  of  measurements  which  will  Olus- 
trate  the  gradual  augmentation  of  the  deflection  just  referred  to 
until  it  reaches  its  maximum,  and  its  gradual  diminution  a  I  the 
other  side  of  the  maximum.  The  measures  txirrospond  to  a  series 
of  angles  of  incldenoe  which  augment  by  steps  of  ten  degrees. 


i 

f 

d 

28°  20' 

50** 

The  figures  in  the  colnmn  i  eipresA  these  angles,  while  under  d  we 
ha?e  in  each  case  the  accompanying  deviation,  or  the  angle  enclosed 
by  the  incident  and  emergent  rays.  It  wiU  be  seen  that  as  the  angle 
t  increases,  the  deviation  also  increases  up  to  42''  28',  after  which, 
although  the  angle  of  ineidence  goes  on  augmenting,  the  deviation 
becomes  less.  The  maiimura  42°  28'  oorreeponds  to  an  incidence 
of  GQ'^t  l^u^  reality  at  this  point  we  have  already  passed,  by  a  small 
quantity,  the  exact  maximum,  which  occurs  between  GS^  and  59°.  Its 
amount  is  30',  This  deyiatioa  corresponds  to  the  red  band  of 
the  rainbow.  In  a  precisely  similar  manner  the  other  colours  rise 
to  their  maximum,  and  fall  on  passing  beyond  it ;  the  maximum 


*  There  ib,  m  fact,  a  handle  ot  rays  ne&r  the  maximum,  which,  when  tli<^y 
fioter  the  drop,  Ofe  oon  verged  hy  refmctiou  almoHt  exaotly  to  the  ^me  point  at 
ite  hack.  If  the  convi^rgenco  irera  quits  exactt  then  the  symmet^  of  the  liqui4 
epbere  would  eauee  the  mys  to  quit  the  drop  they  entered  it— that  ia  to  nay, 
perfectly  pamlltth  But  inaamnch  aa  tli*}  convergeuo^  is  not  quite  exjiet,  the 
parallt'lij^m  aftC't  emergeoc©  id  only  approiimfttc.  Ttip  pmprgent  rays  cut  eaoh 
other  at  extreoaely  sharp  angles^  thus  formiug  a  f^tiBtic  **  which  hft«  Ibr  ite 
asymptote  the  ray  of  maiiinum  deviant  loo.  In  the  eeoondary  txjw  we  have  to  dedl 
with  a  minimum,  initead  of  a  maximum,  the  cnnsaiiig  of  the  iutident  9ixA 
emergent  raya  prod  uc  leg  tlie  oheerved  reveiml  of  the  colom^,  (See  Engel  and 
Shelibaoh'fl  dia^Dia  of  th©  rainbowO 


on  Bainhomt. 


for  tHe  Tiolot  band  being  40*^  S0\  Tlie  entire  widtli  of  the  primary 
rainbow  is  therefore  2°,  part  of  tbis  width  b^ing  duo  to  the  angular 
tna^itnde  of  tbe  sun. 

Wo  have  tliua  revealed  to  tis  the  geometric  conatniction  of  tho 
rainbow.  But  though  the  step  here  taken  by  Descartes  and  Newton 
was  a  great  one,  it  left  the  theory  of  the  bow  incomplete.  Within 
the  rainbow  proper,  in  certain  conditions  of  the  atmosphere,  are  aeon 
a  series  of  richly-coloured  zones^  which  were  not  explained  by  either 
Descartes  or  Newton.  They  are  said  to  haTo  been  first  dceerib^  by 
Hariotte,*  and  they  long  challenged  explanation.  At  this  point  our 
difficulties  thicken,  but,  as  before,  they  are  to  be  overcome  by  atten- 
tion. It  belongs  to  the  very  esBeuco  of  a  maiimum,  approached  con- 
tinuously on  both  sides,  that  on  tho  two  sides  of  it  pairs  of  equal  value 
may  be  found.  The  maiimum  density  of  water,  for  example,  is 
Fabrenbeit.  Its  density  when  5°  colder,  and  when  5**  warmer,  than 
this  maximum  is  tho  same.  So  also  with  regard  to  the  slopes  of  our 
watershed.  A  series  of  pairs  of  poiota  of  the  fiamo  elevation  can  be 
found  upon  the  two  sides  of  the  ridge ;  and,  in  the  case  of  the  rain- 
bow, on  the  two  sides  of  the  maximum  deviation  we  have  a  succession 
of  pairs  of  rays  haviug  the  same  deflection.  Such  rays  travel  along 
fhe  same  line^  and  add  their  forces  together  after  they  q^uit  the  drop. 
But  light,  thus  reinforced  by  the  coalesceneo  of  non-divergent  rays, 
ought  to  reach  the  eye.  It  does  so ;  and  were  light  what  it  was  once 
STip|M>aeJ  to  b©  —a  flight  of  minute  particles  sent  by  Imninous  bodies 
through  space — then  these  pairs  of  equally  deilccted  rays  would 
diffuse  brightness  over  a  large  portion  of  the  area  within  tho  primary 
bow.  But  inasmuch  as  light  consists  of  icatte*  and  not  of  particles, 
the  principle  of  interference  comes  into  play,  in  virtue  of  which  wavea 
&ai  altermtoly  reinforce  and  destroy  each  other.  Wera  the  distance 
passed  over,  by  tbe  two  corresponding  rays  within  the  drop,  the 
Hune,  they  would  emerge  as  they  entered*  But  in  no  case  are  the 
distances  the  same.  The  consequence  is  that  when  the  rays  emerge 
from  the  drop  they  are  in  a  condition  either  to  support  or  to  destroy 
each  other.  By  such  alternate  reinforcement  and  destruction,  wbiou 
oceur  at  different  places  for  different  colours,  the  colt>urod  aones  are 
prwliiccd  within  the  primary  bow.  They  are  called  supernumerary 
bows,"  and  are  seeOf  not  only  within  the  primary  but  sometimes  also 
outside  tho  secondary  bow.  The  condition  requisite  for  their  pro- 
duction is,  that  the  drops  which  constitute  the  shower  shall  all  be  of 
nearly  tho  &njne  size,  Wlicn  tho  drops  are  <jf  different  sizes,  w« 
have  a  confused  super  position  of  tho  diffurent  colours,  an  approiima- 
tioo  to  white  It^ht  being  the  oonset|uence.  Thi^  seoond  sUi^p  in  the 
explanation  of  the  rainbow  was  taken  by  a  man  the  L[uality  of  whose 
genius  rsjsombled  that  of  Descartes  or  Newton,  and  who  ei^hty-twe» 
years  ago  was  appointed  Professor  of  Natural  PJiilosophy  in  the  Royal 


•  Prior  of  6l  Murtin-Bnus-Bfaunc,  near  Dijoa.  Member  of  the  French 
koidcmy  ot  Setenai.    IHed  in  Paris,  Wij  1684. 
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Iiigtiiutiou  of  Great  Britain.  I  refer,  of  course^  to  the  iUnstrioua 
Thomas  Young,* 

But  our  task  ib  not,  ovou  now,  complete.  The  fimshmg  toQch  of 
the  explanation  of  the  minhow  was  given  hy  our  last,  eminent, 
Astronomer  Eoyal,  Sir  Goorgo  Airy.  Bringing  tho  knowledge 
[H)SBeafiod  by  the  fonmlare  of  the  unduh&tory  theory,  and  tbat  gained 
by  subseqaent  workers,  to  bear  u'pon  tho  quostion,  Sir  George  Airy 
showed  that^  though  Yoong's  general  principles  were  unassailable,  his 
calculations  were  sometimes  wide  of  the  mark.  It  was  proved  by 
Airy  that  the  curve  of  maximum  illumination  in  the  rainbow  does 
not  quite  coincide  with  the  goomefcric  curve  of  Deecortos  and  Newton. 
He  also  extended  our  knowledge  of  the  sapomumerary  bows,  and 
corrected  the  positions  which  Toung  had  assigned  to  them.  Finally, 
Professor  Miller,  of  Cambridge,  and  Dr.  Oalle,  of  Berlin,  illustratt^ 
by  careful  moasnrements  with  the  theodolite  the  agreement  which 
ejtiats  between  the  theory  of  Airy  and  the  fiwits  of  observation. 
Thus,  from  Descartes  to  Airy,  the  intellectual  force  expended  in  the 
iilucidatiou  of  tho  rainbow,  though  broken  up  into  distinct  perficui* 
alties,  might  bo  regarded  as  that  of  an  individual  artist,  engaged 
throughout  this  time  in  lovingly  contemplating,  revising^  and  perfects 
ing  his  work. 

We  have  thus  cleared  the  ground  for  the  series  of  experiments 
which  constitute  the  subject  of  this  diecourso.  During  oar  brief 
residence  in  the  Alps  this  year,  wo  were  favoured  with  some  weather 
of  inatohleBS  f perfection  ;  but  we  had  also  our  share  of  foggy  and  drizisly 
weather.  On  the  night  of  tho  22nd  of  September,  the  atmosphere 
was  especially  dark  and  thick.  At  9  f.u.  I  opened  a  door  at  the  end 
of  a  passage  and  looked  out  into  the  gloom.  Behind  me  hung  a 
smaU  lamp,  by  which  the  shadow  of  my  body  was  cast  upon  the  fog. 
Such  a  shadow  I  hod  often  seen,  but  in  tho  present  case  it  was 
accompanied  by  on  appearance  which  I  had  not  previotisly  seetu 
Swept  through  the  darkness  round  the  shadow,  and  far  beyond,  not 
only  its  boundary,  but  also  beyond  that  of  the  illuminated  fog,  was  a 
pale,  whitej  luminoufi  circle,  complete  except  at  the  point  where  it 
was  cut  through  by  the  shadow.  As  I  walked  out  into  the  fog,  this 
curious  halo  went  in  advance  of  me.  Had  not  my  demerite  been  so 
well  known  to  mo,  I  might  have  accepted  the  phenomenon  as  an  evi- 
dence of  cfinonibation,  Benvenuto  Cellini  saw  something  of  tho  kind 
surrounding  his  shadow,  and  ascrbied  it  forthwith  to  supernatural 
&vour.  I  varied  the  position  and  intensity  of  the  lamp,  and  found 
even  a  candle  sufficient  to  render  the  luminous  band  visible.  With 
two  crossed  laths  I  roughly  measured  the  angle  subtended  by  the 
radius  of  tho  circle,  and  found  it  to  be  practiciilly  tho  angle  which 
had  rivettjd  the  attention  of  Descartes — namely,  41".  This  and  other 
fact*j  led  me  to  suspect  that  tho  halo  was  a  circular  rainbow.    A  woek 
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Bubeequontly,  the  air  being  in  a  similar  misty  oondition,  tlie  liumnous 
circle  wag  well  seen  from  anothor  door,  tlio  lamp  which  ptodaced  it 
fttftjiding  on  a  table  behind  mo. 

It  ifl  not,  however,  necessary  to  go  to  the  Alps  to  witness  this 
singular  phenomenon^  Amid  the  heather  of  Kind  Head  I  have  Lad 
erected  a  htit,  to  which  I  e&cape  when  my  biwn  needs  rest  or  my 
mulled  lack  vigour.  The  hut  has  two  door^,  one  opening  to  the 
north  and  the  other  to  the  eotith,  aod  in  it  we  have  been  able  to 
occupy  oorsolres  pleasantly  and  profitably  during  the  recent  misty 
weather.  BemoTing  the  ahftde  &om  a  Bmall  petroieimi  lamp,  and 
placing  the  lamp  behiiHd  me»  as  I  stood  in  either  doorway,  the 
laminoufl  circles  «iirrounding  my  shadow  on  different  nights  were 
very  remarkftMe,  Sometimes  they  were  best  to  the  north,  and  some- 
timeit  lAie  reverse,  the  difi'erence  depending  for  the  most  part  on  the 
direction  of  the  wind.  On  Christmas  night  the  atmosphere  was 
particularly  good-natured*  It  was  fiUod  with  true  fog,  through  which, 
ho  waver,  descended  palpably  an  extremely  fine  rain.  Both  to  the 
north  and  to  the  south  of  the  hut  the  luminous  circles  were  on  this 
occasion  specially  bright  and  well-defined.  They  were,  as  I  have 
sAid^  ewept  through  the  fog  far  beyond  its  illumiuated  area,  and  it 
wiui  the  darkness  against  which  they  were  projected  which  enabled 
tbtm  to  shed  so  much  apparent  light.  The  effective  rays,"  therefore^ 
which  entered  the  eye  in  this  observation  gave  directton,  but  not 
distance,  so  that  the  circles  appeared  to  come  from  a  portion  of  the 
atmosphere  which  had  nothing  to  do  with  their  production.  When 
the  lamp  was  taken  out  into  the  fog,  the  illumination  of  the  medium 
almost  obliterated  the  halo.  Once  educated,  the  eye  could  trace  it, 
but  it  was  toned  down  almost  to  vanishing^  There  ie  some  advantage, 
therefore,  in  possessing  a  hut,  on  a  moor  or  on  a  mountain,  having 
doors  which  limit  the  area  of  fog  illaminated. 

I  have  now  to  refer  to  another  phenomenon  which  is  but  rarely 
seen,  and  which  I  hod  an  opportunity  of  witnessing  on  Ghristmaa 
Day.  The  mist  and  drizzle  in  the  early  morning  bad  been  very 
dense  ;  a  walk  before  breakfast  caused  my  somewhat  fluffy  pilot  dress 
lo  ha  covered  with  minnto  water-globulest  which,  against  the  dark 
background  underneath,  suggested  the  bloom  of  a  plum.  As  the  day 
advaaced,  the  south-eastern  heaven  became  more  luminous ;  and  the 
pale  disk  of  the  sun  was  at  length  seeu  struggling  through  drifting 
clouds.  At  ten  o'clock  the  sun  had  become  fairly  victorious,  the 
heather  was  adorned  by  pendent  drops^  while  certain  branching 
griAses,  laden  with  liquid  pearls,  proscntotl,  in  the  sunlight,  an  appoar- 
aooDof  eiqiiisite  beauty.  Walking  across  the  common  to  the  Portsmouth 
road,  my  wife  and  I,  on  reaching  it,  turned  our  faces  sunwards.  Tho 
■moke-ljko  fug  had  vanighed,  but  its  disappearance  was  accompauied, 
or  perhaps  caused,  by  the  coulesocnce  of  its  minntor  particles  into 
little  globuloB,  visible  where  they  caught  the  light  at  a  proper  angle, 
but  not  other wiae»  They  followed  every  oddy  of  the  air,  upwards, 
dttwn wards,  and  from  side  to  side.    Their  extreme  mobility  was  well 
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calcnlated  to  flttgg^Bt  a  notion  prevalent  on  the  Contmenti  that  the 
particlea  of  a  fogf  instead  of  boing  full  droplets^  ore  really  littlt 
bladder B  or  vadclea.  Cloudfi  are  fiupposed  to  owe  thoir  i>owQr  of 
flotation  to  ttie  catiflG.  This  Tesioular  theory  never  e track  root  in 
England ;  nor  has  itj  I  apprehend,  any  foundation  in  fact. 

Ab  I  Btuod  in  the  midst  of  these  eddying  Bpecks,  bo  viaible  to  the 
eye,  yet  so  amnll  and  light  to  be  perfectly  impalpable  to  the  skin 
both  of  hands  and  faoej  I  romarked,  "These  particlea  must  enrely 
yield  a  bow  of  some  kind."  Turning  my  back  to  the  sun,  I  stooped 
down  so  as  to  keep  well  within  the  layer  of  particles,  which  I  sup- 
posed to  be  a  shallow  one^  and,  looking  towards  tke  DeTirs  Pnncli 
Bowl,"  saw  the  anticipated  phenomenon.  A  bow  without  colour 
spanned  the  Punch  Bowl,  and,  though  white  and  pale^  was  well 
defined,  and  cichibited  an  aspect  of  weird  grandeur.  Onco  or  twice 
I  fancied  a  faint  ruddiness  could  be  discerned  on  its  outer  boundaiy* 
The  stooping  was  not  necessary,  and  as  we  walked  aloDg  the  new 
Portsmouth  road,  with  the  Punch  Bowl  to  onr  left,  the  white  arch 
marched  along  with  m.  At  a  certain  point  we  ascended  to  the  old 
Portsmouth  road,  whence  with  a  flat  space  of  very  dark  heather  in 
the  foreground,  we  watched  the  bow*  The  sun  bad  then  become 
strongs  and  the  sky  above  us  bine,  nothing  which  could  in  any  proper 
sense  be  called  rain  existing  at  the  time  in  the  atmosphere.  Suddenly 
my  companion  exclaimed,  "  I  eee  the  whole  circle  meeting  at  my  feet  1  '* 
At  tho  same  moment  the  circle  become  visible  to  me  also.  It  was  the 
darkness  of  our  immediate  foreground  that  enabled  ns  to  seo  the 
lower  half  of  tho  pale  lumiuous  band  projected  against  it.  Wo  walked 
round  Hind  Head  Common  with  the  bow  almost  always  in  view,  Itsi 
crown  sometimes  disappeared^  showing  that  the  minute  globtdei 
which  produced  it  did  not  extend  to  any  great  height  in  the  atmo*' 
sphere.  In  such  casee,  two  shining  bnttr esses  were  loft  behind^  which^ 
hod  not  the  bow  boon  previously  seen,  would  have  lacked  all  signifl- 
canca  In  some  of  the  combes,  or  valleys,  where  the  floating  particles 
had  collected  in  greater  numbers^  the  end  of  the  bow  plunging  into 
the  combe  emitted  a  light  of  more  than  the  ueual  brightness.  During 
our  walk,  the  bow  was  broken  and  re-formed  several  times;  and, 
hod  it  not  been  for  our  previous  experience,  both  in  the  Alps  and  at 
Hind  Head,  it  might  well  have  escaped  attention.  What  this  white 
bow  lost  in  beauty  and  intensity,  as  compared  with  the  ordinary 
coloured  bow,  was  more  than  atoned  for  by  its  weirdness  and  its 
novelty  to  both  observers* 

The  white  rainbow  (Tarc-en-ciel  hlunc)  was  first  described  by  the 
Spaniard  Don  Antonio  de  UHoa,  Lieutenant  of  tho  Company  of 
Gentleman  Guards  of  the  Marine.  By  order  of  the  King  of  Spain, 
Dun  Jorge  Juan  and  Ulloa  made  an  expedition  to  South  America,  m 
account  of  which  ii  givou  in  two  amply-illustrated  quarto  volumes  to 
be  found  in  the  library  of  tho  Royal  Institution.  The  bow  waa 
observed  from  the  jiummit  of  the  mountain  Pambaraorca,  in  Peru. 
The  angle  subtondetl  by  its  radius  was  'S'S*^  30',  which  in  considerably 
lees  than  the  angle  subtended  by  the  radius  of  the  ordinary  bow. 
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Between  the  phenamenon  obserr^  by  us  on  Chrigtmas  Day^  and  that 
described  by  Ulloa,  there  are  some  points  of  difference.  In  hia  case 
fog  of  sufficient  density  existed  to  enable  the  Bhadows  of  him  and  his 
BIX  companions  to  be  seen,  oach^  howevor^  only  by  the  person  whose 
body  caat  the  shadow,  while  around  the  head  of  each  were  observed 
those  zones  of  colour  which  characterise  the  "  spectre  of  the  Brocken/* 
In  our  ease  no  shadows  were  to  be  seen,  for  there  was  no  fog^reen 
on  which  they  could  be  cast.  This  implies  also  the  absence  of  the 
soneB  of  colour  observed  by  Ulloa. 

The  white  rainbow  has  been  explained  in  various  ways.  A  learned 
Ftenchman,  Eravais^  who  hae  written  much  on  the  optical  pheno- 
mena of  the  atmosphere,  and  who  can  claim  the  additional  recom- 
mendation of  being  a  distinguished  mountaineer,  has  sought  to 
connect  the  bow  with  the  vesicular  theory  to  which  I  have  just 
referred*  This  theory,  honever,  i&  more  than  doubtful,  and  it  is  not 
necessary.*  The  genius  of  Thomas  Young  throws  light  upon  this 
subject  08  upon  so  many  others.  He  showed  that  the  whiteness  of 
the  bow  was  a  direct  consequence  of  the  smallness  of  the  drops  which 
produce  it.  In  fact,  the  wafted  water-specks  seen  by  us  upon  Hind 
Head  f  were  the  very  Mud  needed  for  the  production  of  tbo  pheno- 
menon. But  the  obserrationa  of  Ulhm  place  his  whit©  bow  distinctly 
mthin  the  arc  that  would  he  occupied  by  the  ordinary  rainbow — that 
is  to  mj,  in  the  region  of  super nnmeraries  ;  and  by  the  action  of  the 
snpernumeraries  upon  each  other  UUoa's  bow  was  accounted  for  by 
Thomas  Young.  The  smaller  the  drops  the  broader  are  the  zones  of 
the  supernumerary  bows,  and  Young  proved  by  calculation  that  when 
the  drops  havo  a  diameter  of  ^^^^^^th  or  jTf^th.  of  an  inch,  the  bands 
overlap  each  other,  and  produce  white  light  by  their  mixture.  Unlike 
the  geometric  bow,  the  radius  of  tlio  white  bow  varies  within  certain 
limits,  which  M.  Bravais  shows  to  be  33°  30'  and  41°  46'  rcapectively. 
In  the  latter  caso  the  white  bow  is  the  ordinary  bow  deprived  of  its 
colour  by  the  smallness  of  the  drops.  In  all  the  other  cases  it  is 
produced  by  the  action  of  the  snjiernumerariefi. 

The  physical  investigator  desires  not  only  to  observe  natural 
phenomena  but  to  re>GrefLte  them — -to  bring  them,  that  is^  under  the 
dominion  of  cxportmeut.  From  observation  we  learn  what  nature  is 
willijig  to  roveaL  In  eiperimenting  we  place  her  in  the  witness-box, 
cross-examine  her,  and  attract  from  her  knowledge  in  excess  of  that 
which  wotild,  or  could,  bo  spontaijoously  giren.  Accordingly,  on  my 
retam  from  8witzerlatid  last  October,  I  sought  to  reproduce  in  the 
laboratory  the  cfiecta  observefl  among  the  mountains.,    My  first  object, 


•  The  veaioular  theory  waa  dombuted  very  ably  in  Fraace  by  the  Abbi^  Bftil- 
liird,  who  bno  oXm  givm  an  interc^ating  atiatyBia  of  thti  nunbow  ftt  Ihe  end  of  hIa 
trttttkUoii  *f  my  *  Notes  on  Light/ 

t  Hiid  ottr  refuge  in  Ihe  A]  pa  hoon  buiU  on  Ibe  nouthem  side  of  I  be  viiilej  of 
(ha  Bhotie,  an  lu  to  enniilti  m  to  bxik  with  the  etin  behind  m»  UiU»  Ibe  vutley  nnrt 
ai4<iM  it»  we  abftuld,  I  think,  buve  freqiu^atly  aeen  the  vshito  bow  ;  wh«t«iu!  on  ihe 
oppcwte  moimtaui  fJopOi  which  races  the  «iin,  we  haro  never  soen  li 
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therefore,  was  to  obtain  urtiiacially  a  mi xt tiro  of  fog  and  drizzle  like 
that  observed  from  the  door  of  our  cottage,  A  stroDg  cjlindrical 
copper  boiler,  IB  iuchos  high,  and  12  inchea  iu  diameter,  was  ucMirlj 
filled  with  water,  and  heated  by  gua  flames  until  steam  of  twenty 
ponnda  pressure  waa  prodaced*  A  valve  at  the  top  of  the  boiler  waa 
theo  opened,  when  the  eteam  iseued  violently  into  tbo  atmoapherej 
cai-ryiug  droplets  of  water  mechanically  along  with  it,  and  coudensiiig 
above  to  droplets  of  a  similar  kind.  A  fair  imitation  of  the  Alpine 
atmosphere  was  thus  produced*  Afiot  a  few  tentative  expedtnents, 
the  luniinons  circle  was  brought  into  view,  and  having  once  got  bold 
of  it,  the  neJtt  Btep  was  to  enhonoe  its  intemity.  Oil  lamps,  the  ILmo- 
light,  and  the  naked  olectrtc  light  were  tried  in  Bucoession,  the 
fionrco  of  rays  being  plaood  in  one  room,  the  boiler  in  another,  while 
tho  observer  stood,  with  hie  back  to  the  light,  between  them*  It  is  not, 
however,  necesBary  to  dwell  upon  these  first  eiperiments,  etirpaest'd  as 
they  were  by  the  airangementfl  subsequently  adopted.  My  mixlo  of 
proceeding  was  this.  The  electric  light  being  placed  in  a  earners 
with  a  condensing  lens  in  fronts  tho  position  of  the  lens  was  so  Mumi. 
as  to  produce  a  beam  sufficiently  brood  to  clasp  the  wliole  of  say  head, 
and  laavo  an  Kui^aok  of  light  aroiiAd  it  It  lieing  desirable  to  leeseiL 
m  much  as  possible  tho  foreign  light  entering  the  eye,  the  beam  wa4 
reoeived  upon  a  distant  black  surfuce,  and  it  woe  easy  to  move  the 
head  until  its  shadow  ooonpied  the  centre  of  the  illuminated  area.  To 
secure  the  best  etfect  it  was  found  nece^Bary  to  stiiiid  close  to  the 
boiler,  80  as  to  bo  immorsod  in  the  fog  and  drizzle.  Tho  fog,  however^ 
viiia  soon  discovered  to  be  a  mere  nuisance.  Instead  of  enhancing,  it 
blurred  tho  effect,  and  I  therefore  sought  to  aboHsb  it.  Allowing  the 
steam  to  issue  for  a  few  seconds  from  the  boiler,  on  closing  the  valvci 
the  cloud  rapidly  melted  away,  leaving  behind  it  a  host  of  minute 
liquid  spherules  floating  in  the  beam,  A  beautiful  circular  rainbow 
was  iustantly  swept  through  the  air  in  front  of  the  observer.  The 
primary  bow  was  duly  attended  by  its  secondary,  with  the  colours, 
OS  usual,  reversed.  The  opening  of  the  valve  for  a  single  second 
causes  the  bows  to  flash  forth.  Thus,  twenty  times  in  succession,  puffs 
can  bo  allowed  to  issue  from  the  boiler,  every  puff  being  followed  by 
this  beautiful  meteor.  The  bows  produced  by  single  puffs  ore 
evanescent,  because  the  little  globules  rapidly  disappear*  Grei^ter 
})ermauence  is  eccured  when  the  valve  is  left  open  fur  an  interral 
sufficient  to  diachorgo  a  oopioaa  amoimt  of  drizzle  into  the  air.* 

*  It  ifl  pertmpa  worth  noting  here,  that  when  the  camera  end  leuj  are  used, 
the  hoiita  which  sends  its  **  tjiTootive  my 8  '*  to  the  oye  may  not  be  more  than  a  foot 
in  ^idtU,  whiltj  thti  circular  bow  enguiidered  by  these  raja  may  be,  ta  all  appcar- 
aRce»  tifte^n  or  twt^nty  feel  iu  diamt.ik.«r.  In  bueh  &  beum,  indeed,  tlia  dropa  wLieh 
}triHtuce  tbe  bow  muat  be  vory  uear  tlw  eye,  for  rays  rr*~^iD  the  more  distant  drops 
Tvould  uot  flttida  tUo  roqnbred  ftugU\  Th»  apparent  dt^tmioe  of  the  circiiliiT  bo* 
18  ofien  greid  m  ocjmparij*oii  with  thjit  of  tho  origin&tiiig  dropiL  Both  di^tnnce 
ftnd  diftttiiitei  may  be  made  to  unilergo  VArmtione,  In  the  rainbow  we  do  not  e©e 
n  lucaliiied  objtTt,  but  riccive  n.  luDiinon^  in^iirij:i»aiun,  wliioh  is  ofk'ti  tmmifermt 
to  a  portion  of  the  tidd  uf  vit:W  far  rumoved  from  the  bow's  orij^in. 
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Many  other  appliaueoB  for  prodacing  fine  rain  havo  booa  tried, 
but  a  refercQco  to  two  of  thom  will  eufficc*  Tho  rose  of  a  watoring- 
pqt  tuituTELlly  Quggeste  a  menna  of  prixlaciug  a  shower ;  and  on  tho 
priiioiple  of  tbe  rofio  I  had  some  epraj 'producers  constructed.  In 
&&ck  eue  the  outer  surface  was  convex,  the  thin  oonTex  metal  plate 
being  pisioed  hj  orific<ia  too  small  to  be  eeeo  by  tho  naked  eye. 
Sixmll  as  th«j  Are,  fillets  of  ^ery  sensible  magmtude  issue  from  the 
orifices,  but  at  aoiDO  distauce  below  the  ^pruy-producer  tho  fillets 
shake  themselves  asimd«r  and  form  a  fine  rain.  The  small  orifices 
ue  Y«iy  liable  to  get  clogged  by  the  particlts  Buspended  in  London 
wator.  In  experiiuenttj  with  iha  r<^,  filtered  water  was  therefore 
reflorted  to«  A  largo  vessel  was  tnomitod  on  tho  roof  of  the  Boyal 
Institution,  from  the  bottom  of  which  destWDdied  yerticaUy  a  piece  of 
compo-tubing,  an  inch  in  diameter  and  about  twmtj  feet  long.  By 
meuiis  of  proper  screw  fittinga,  a  single  rose,  or,  when  it  ia  dedred  to 
iaoFQfise  the  magnitude  or  density  of  the  ^ower,  a  group  of  two, 
three,  or  four  roses,  is  attached  to  the  end  of  the  compo-tube.  From 
these,  on  the  tu ruing  on  of  a  cock,  the  rain  descends.  Tho  circular 
bows  produced  by  such  rain  arc  far  richer  in  colour  than  thoeo 
produced  by  the  smaller  globules  of  the  condenBod  ^team.  To  see  tho 
effect  in  all  its  beauty  and  completeness,  it  is  necessary  to  stand  well 
within  the  ebower,  not  outside  of  it.  A  waterproof  coat  and  cop  are 
therefore  needed,  to  which  a  pair  of  goloshes  may  be  added  with 
advantage.  A  person  standing  outside  the  beimi  may  see  bits  of  both 
primary  and  secondary  in  the  places  fixed  by  their  respective  augles ; 
but  tho  colours  are  WiUihy  and  nnimpressivc,  while  within  tho  shower, 
with  the  shadow  of  the  hoa<l  occupying  its  proper  position  on  the 
soreen,  the  brilliancy  of  tho  effect  is  extraordinary.  Tho  primary 
clothes  itself  in  the  richest  tints^  w^hile  tbe  secondary,  though  less 
vivid,  shows  its  colours  in  surprising  strength  and  purity. 

But  the  primary  bow  is  accompanied  by  appearances  calculated 
to  attract  and  rivet  attention  Almost  more  than  the  bow  itself.  I  have 
already  mentioned  the  eiisteneo  of  effective  rays  over  and  above  those 
which  go  to  form  the  geometric  bow.  They  fall  within  tho  prinmry, 
and,  to  use  the  words  uf  Thomas  Young,  would  esJiibit  a  continued 
diffusion  of  fainter  light,  but  for  the  general  law  of  interference 
which  divides  the  light  into  concentric  rings/'  One  could  almost 
wish  for  the  opportunity  of  showing  Young  how  literally  his  words 
are  fulfilled  and  how  beautifully  his  theory  is  LHustrattHl,  by  these 
artificial  circular  rainbows.  For  here  tho  space  within  the  primaries 
ia  swept  by  concentric  supernumerary  bands,  coloured  like  the  rain* 
bow,  and  growing  gnulually  narrower  as  they  retreat  from  the 
liriiEimry.  These  spurious  bows,  as  they  are  sometimes  called,*  which 
oon^titttte  one  of  the  most  splendid  illustrations  of  the  principle  of 
ialfirfer«nce<,  are  separated  from  each  other  by  xones  of  darkneiiS, 
wbate  tho  light  wave^,  on  being  added  together,  destroy  each  other^ 
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[  bave  counted  as  many  bs  eight  of  tbcBe  beautiful  baud*,  concentrio 
with  the  true  primary »  The  supernumeraries  are  formed  next  to  th» 
most  refraugihle  coloiir  of  the  bow,  ^nd  therefore  occur  within  tho 
primary  circle.  But  in  the  secondary  bow,  the  Tiolet,  or  mm%  ro- 
frangible  colour,  is  on  the  outside ;  and,  following  the  violet  of  thfl 
secondary,  I  have  eometimes  counted  at*  mmiy  as  five  spurious  bowa. 
Some  notion  may  bo  formed  of  the  intensity  of  the  primary,  when 
the  secondary  is  able  to  produce  efieeta  of  this  description. 

An  extremely  handy  a  pray-pro  ducer  is  that  employed  to  moisten 
the  air  in  the  Houses  of  Parliament.  A  fillet  of  water,  iesuing  under 
strong  pressure  from  a  small  orifice,  impinges  on  a  little  disk,  placed 
at  a  distance  of  about  one-twentieth  of  an  inch  from  the  orifice.  On 
striking  the  di^k,  the  wnter  spread e  laterally,  and  breaks  up  into  gx<* 
cecdingly  fine  spray*  Here  also  1  have  used  the  spray-producer  bo 
singly  and  in  groups,  the  latter  arrangement  being  resorted  to  when 
showers  of  special  brendth  and  density  were  required.  In  regard  to 
primaries,  &econdaries^  and  supemnmeraries,  eitremely  brilliant  effects 
h&VQ  been  obtained  with  this  form  of  spray-producer.  The  (Quantity  of 
water  called  upon  being  much  leaa  than  that  required  by  the  rose,  the 
fillet-and-disk  instrument  produces  lees  flooding  of  the  locality  where 
the  eiperimenfcs  are  raado.  In  this  latter  respect,  the  steam  spray  is 
particularly  handy*  A  puff  of  two  jseconds'  duration  suffices  to  bring 
out  the  bowB,  the  eubBoquont  shower  being  so  light  as  to  render  the 
use  of  waterproof  clothing  unnecessary.  In  other  cases,  tho  ineou- 
veuience  of  flocxliug  may  be  avoided  to  a  great  extent  by  turning  on 
the  spray  for  a  abort  time  only,  and  then  cutting  off  the  supply  of 
water*  The  vision  of  the  bow  being,  however,  proportionate  to  the 
duration  of  the  shower,  will,  when  the  shower  is  brief,  be  evaneacent 
Hence,  when  quiet  and  continued  contemplation  of  all  tbe  phenomeoa 
is  desired,  the  observer  must  make  up  his  mind  to  brave  the  rain.* 

In  one  important  particular  the  spray-producer  last  described 
commends  itself  to  our  attention.  With  it  we  can  operate  on  sub- 
stancGH  more  costly  than  water,  and  obtain  rainbows  from  liquids  of 
the  most  various  refractive  indices.  To  eitend  the  field  of  experiment 
in  this  direction,  the  following  arrangement  has  beon  devised:  A 
strong  cylindrical  iron  bottle,  wholly  or  partly  filled  with  the  liquid 
to  be  experimented  on,  is  tightly  closed  by  a  brass  cap.  Through 
the  cap  passes  a  metal  tube,  soldered  air-tight  whore  it  crosses  the 
cap*  and  ending  near  the  bottom  of  the  iron  bottle.  To  the  free  end 
of  this  tube  is  attached  the  spray- producer,  A  seoowl  tube  passes 
also  through  the  cap,  but  ends  above  the  surface  of  the  liquid.  Thiii 
second  tube,  which  is  long  and  flexible,  is  connected  with  a  larger 
iron  bottle,  containing  compressed  air.  Hoisting  the  small  bottle  to 
a  convenient  heightj  the  tap  of  the  larger  bottle  is  carefully  opened, 
the  air  passes  throngh  the  fiexible  tube  to  the  smaller  bottle,  exerti 
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its  pmanre  npon  the  BurfiM^e  of  the  liquid  theroiQ  cootaineclf  dnves 
it  up  the  othf^r  tube,  and  cauaos  it  to  injpinge  with  any  required 
degree  of  force  against  the  disk  of  the  spray-prodncen  From  this  it 
hUs  in  a  fine  rain.  A  great  mauj  liquids,  includuig  colourod  otie&,* 
hATo  been  tested  by  this  armngement,  and  very  remarkable  results 
huTe  been  obtaiood.  I  will  confine  loyself  here  to  a  reference  to  two 
liquids,  which  commend  therosolTeB  on  account  of  their  cheapness  and 
of  the  brilliancy  of  their  eflfects.  Spirit  of  turpentine,  forced  from 
the  iron  bottle,  and  caused  to  f*ili  in  a  fine  shower,  produces  a  circular 
bow  of  eitraordinary  in  tensity  and  depth  of  colour.  With  paraffin 
oil  or  petroleum  a  similar  efiect  is  obtainod. 

Spectrum  analysis,  as  generally  understood,  occupies  itself  with 
fttoisiCt  or  molecular,  action,  but  physical  fipcctrum  analysis  may  be 
brought  to  bear  upon  our  falling  showers,  I  asked  myself  whether 
acompoflite  shower— that  is  to  say,  one  produced  by  the  mingled  spray 
of  two  or  more  liquids-^ould  not  be  analysed  and  made  to  declare 
Its  ix^ustituents  by  the  production  of  the  circular  rainbows  proper  to 
the  respective  liquids.  This  was  found  to  be  the  case*  In  the 
ordinary  rainbow  the  narrowest  colour- band  ib  produced  by  its  most 
refrangible  light.  In  general,  the  greater  the  refraction,  the  smaller 
win  be  the  bow.  Now,  as  spirit  of  turpentine  and  poraiffin  are  both 
more  refractive  thau  water,  I  thought  it  probable  that  in  a  mixed 
ahower  of  water  and  paraMn^  or  water  and  turpentine,  the  smaller  and 
more  luminous  circle  of  the  latter  ought  to  be  seen  within  the  larger 
circle  of  the  former.  The  result  was  exactly  in  aceordance  with  this 
anticipation.  Beginning  with  water,  and  producing  its  two  bowSj 
and  then  allowing  the  turpentine  to  shower  down  and  mingle  with  the 
vmiesT,  within  the  large  and  beautifully  coloured  water-wheol,  the  more 
richly  coloured  circle  of  the  turpentine  makes  its  appearance.  Or, 
begiauiing  with  turpentine,  and  forming  its  conoentrated  iris ;  on 
U»mng  on  the  water-spray,  though  to  the  eye  the  shower  seems 
ftbeolntely  homogoneoiis,  its  true  character  is  instantly  deelared  by 
the  flashing  out  of  the  larger  concentric  aqueous  bow.  The  water 
primary  is  accompanied  by  its  secondary  oluse  at  hand.  Associated, 
moreover,  with  all  the  bows,  primary  and  secondary,  are  the  super* 
unmeraries  which  belong  to  them ;  aud  a  more  superb  experimental 
iDnstration  of  optical  principles  it  would  be  hardly  possible  to  witness. 
It  is  not  the  less  impressive  because  extracted  from  the  simple  cotn* 
bination  of  a  beam  of  light  and  a  shower  of  rain. 

In  the  *  Philosophical  Transactions'  for  1$35,  the  late  Colonel 
Sjkesgave  a  vivid  description  of  a  circular  solar  rainbow,  obacrved  by 
hiM  in  India,  during  periods  when  fogs  and  mists  were  prevalent  in 
the  chasms  of  the  Gbats  of  the  Deccan. 

"It  was  during  such  periods  that  I  had  several  opportunities  of 
witnessing  that  singular  phenometion,  the  circular  rainbow,  which« 
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from  its  rareneas^  is  ef^okea  of  as  a  postible  occuireDce  <mlj.  The 
Btmtum  of  fog  from  tbo  Konkan  on  Bome  occasion  b  rose  some  what 
abo76  tbe  level  of  tlie  top  of  a  precipice  forming  the  nortli-west  scarp 
of  the  hiU  fort  of  Hurreeclanndurghnr,  from  2000  to  3000  feet  per- 
pendicularj  without  coming  over  npon  the  table-land.  I  was  placed 
at  the  edge  of  the  precipice  jnst  without  the  limite  of  the  fog,  and 
with  a  cloUfllGse  sun  at  my  back  at  a  very  low  eleTation.  Under  such 
a  combiiiatJon  of  favourable  circumfltaTicce,  the  circular  rainbow 
appeared  quite  perfect,  of  the  moat  vivid  colours,  on©  half  above  the 
level  on  which  I  stood,  the  other  half  below  it.  ShadowB  in  distinct 
outline  of  myself,  my  borse,  and  people  appeared  in  the  centre  of  the 
circle  as  a  picture,  to  which  the  how  forme<i  a  roBplondcnt  frame.  My 
fttt^danta  were  incredulous  that  the  figiires  they  saw  under  such 
extraordinary  circumstimoes  could  be  their  own  shadows,  and  they 
tossed  their  arma  and  legs  about,  and  put  their  bodicB  into  varioue; 
poetures,  to  be  asBured  of  the  fact  by  the  correfiponding  movemente  of 
the  objects  within  the  circle  ;  and  it  was  some  Little  time  ere  the 
fiuperstitioos  feeling  with  which  the  epectaclo  was  viewed  wore  off. 
From  our  proidmity  to  the  fog,  I  believe  the  diameter  of  the  cLrcle  at 
no  time  exceeded  fifty  or  sixty  feet.  The  brilliant  circle  was 
accompanied  by  the  usual  outer  bow  in  fainter  colours/* 

Mr.  E.  Gel  borne  Baber,  an  accomplished  and  intrepid  traveller, 
hfts  recently  enriched  the  *  Transactions '  of  the  Royal  Geographical 
Society  by  a  paper  of  rare  merit,  in  which  his  travels  in  Western 
China  are  described.  He  made  there  the  ascent  of  Monnt  0— an 
eminence  of  great  celebrity.  Its  height  ia  about  11,000  feet  above 
the  sea,  and  it  is  flanked  on  one  side  by  a  cliff  "  a  good  doal  more 
than  a  mile  in  height,"  From  the  edge  of  this  eli^  which  is  guarded 
by  posts  and  chains^  you  look  into  an  abyes,  and  if  fortune,  or  rather 
the  mistR,  favour  you,  you  sec  there  a  miracle,  which  is  thus  described 
by  Mr,  Baber ; — 

"Natiirally  enough  it  is  with  some  trepidation  that  pUgrlma 
approach  this  fearsome  brink,  but  they  are  drawn  to  it  by  the  hope  of 
beholding  the  mysterious  apparition  known  as  the  '  Po-Kuang,*  or 
'  Glory  of  Buddha,'  which  floats  in  mid-air,  half-way  down.  So  many 
eye-witnesses  hod  told  me  of  this  wonder,  that  I  could  not  doubt ;  bat 
I  gazed  long  and  steadfastly  into  the  gulf  without  sueooss,  and  came 
away  disappointed,  but  not  incredulous.  It  was  described  to  ma  as  a 
circle  of  brilliant  and  many-colonrod  radiance,  broken  on  the  outside 
with  quick  flashes  and  surrounding  a  central  disk  as  bright  as  the  sun, 
but  more  beautiful.  Devout  Buddhists  assert  that  it  is  an  em^ation 
from  the  aureole  of  Buddha,  and  a  visible  sign  of  the  holiness  of 
Mount  O. 

**  Impoesible  as  it  may  be  deemed,  the  phenomenon  doea  really  exist 
I  suppofse  no  better  evidence  could  be  desired  for  the  attestation  of  a 
Buddhist  miracle  than  that  of  a  Baf  tist  missionary,  unless,  indeed,  it 
be,  as  in  this  case,  that  of  im  Baptist  missionaries.  Two  gentlcmea 
of  that  persuasion  have  ascended  the  mountain  since  my  visits  and 
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hxfe  seen  the  Glory  of  Bnddlia  acTeml  times,  Thoy  relate  tint  it 
TeBembloB  A  golden  enn-like  disk,  onclosed  in  a  nag  of  prismfitic 
colours  more  closely  blended  thatt  in  the  rainbow,  ,  .  ,  Tbo  miseion- 
arios  inform  mo  tbat  it  was  about  tbree  o'clook  in  tbe  afternoon,  near 
the  middle  of  Angnst,  when  tbey  saw  tho  meteor,  and  that  it  was  only 
yifiible  when  the  precipice  was  more  or  less  clothed  in  mist.  It 
appeared  to  lie  on  the  surface  of  tbe  mist^  and  wm  always  in  tho 
direction  of  a  line  drawn  from  the  enn  through  their  heads,  as  is 
certified  by  tho  fact  that  the  shadow  of  their  heads  was  eeen  on  tho 
meteor.  Thoy  could  get  their  heads  out  of  the  way,  so  to  speak,  by 
stooping  down,  hut  are  not  sure  if  they  conld  do  so  by  stopping  aside. 
Each  spectator,  however,  could  see  the  shadows  of  tho  bystanders  as 
weD  as  his  own  projected  on  to  the  appearance.  They  did  not  obserro 
any  rays  spreading  from  it.  The  central  disk,  they  think,  ig  a 
reflected  imago  of  the  sun,  and  the  inclosing  ring  is  a  rainbow.  The 
ring  was  in  thickneas  about  one-fourth  of  the  diameter  of  the  disk,  and 
drstaut  from  it  by  about  the  same  extent ;  but  the  roooUection  of  one 
informant  was  that  the  ring  touched  tho  disk,  without  any  intervening 
gpaee.  The  shadow  of  a  bead,  when  thrown  upon  it^  covered  about 
im&^ighih  of  the  whole  diameter  of  the  meteor.  Tho  rainbow  ring 
waa  not  qui  to  complete  in  its  lower  part,  but  they  attribute  this  to 
the  interposition  of  the  edge  of  tho  precipice.  They  Bee  no  reason 
why  the  appearance  should  not  be  visible  at  night  when  the  moon  is 
brilliant  and  appositoly  placed,  Thoy  profess  themHclvos  to  have  been 
a  good  deal  surprised^  but  not  startled,  by  tho  spootacle.  They  would 
consider  it  remarkable  rather  than  astonishing,  and  are  disposed  to 
call  it  a  very  impressive  phenomenon." 

It  is  to  be  regretted  that  Mr.  Baber  failed  to  see  the  *'  Glory,"  and 
that  wo  in  consequence  miss  bis  own  description  of  it.  There  seems 
a  aligbt  inadvertence  in  the  statement  that  the  head  conld  be  got  out  of 
thd  way  by  stooping  ;  for,  as  long  as  tho  *•  Glory  "  remained  a  circle, 
ikd  shadow  of  the  bead  must  have  occupied  its  centre.  Stepping 
aside  would  simply  displace  tho  bow,  but  not  abolish  tho  shadow. 

Thus,  starting  from  the  first  faint  circle  seen  drawn  through  the 
thick  darkness  at  Alp  Lusgen^  we  have  steadily  followed  and  developed 
our  phcnoraenon,  and  ended  by  rendering  the  "  Glory  of  Buddha  "  a 
captive  of  the  laboratory.  The  result  might  be  taken  as  typical  of 
things.   ^   J 
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WEEKLY  EVENING  MEETING, 
Fridftj-,  February  1,  1884* 
Geoeqe  Busk,  Esq.  F.R.S.  Treaearor  and  Vice  President,  in  theOh&ir. 
Fbofkssob  F.  Max  Mullee. 
Eajdh  Bdmmohnn  Eoy^  ike  Bsligious  Befoiincr  of  India. 

Pbofesboe  Max  Mulleb  began  by  reminding  his  Budience  that  he 
had  in  former  years  often  spoken  to  them  about  the  Veda,  the  sacred 
book  of  the  Brahmous,  Many  might  hai^e  wondered  wby  he  should 
have  devoted  the  whole  or  at  least  the  "best  part  of  his  life  to  the 
publication  of  the  tost  and  commentary  of  this  one  book  ;  but  he  still 
felt  couTinced  that  there  woe  no  book  more  ancient  and  more  impor- 
tant in  the  whole  literature  of  the  Aryan  race,  and  that  it  would  con- 
tinue to  occupy  the  attention  of  scholarB  and  pbiloBophera  &&  long  aa 
men  cared  for  their  own  history  and  for  the  early  development  of 
language,  thought,  and  religion.  He  wiabed,  however,  to  show  that 
the  Veda  was  not  only  the  mo^t  aneieut,  but^  in  one  sense  also,  the 
most  modem  of  books ;  that,  directly  or  indirectly,  it  etiU  was  the 
foundation  of  the  religion  of  163,000,000  of  human  boinga^  for  whom 
we  ought  to  feel  the  deepest  sympathy.  He  adverted  to  the  state- 
ments of  certain  scholars  and  Indian  touriHta  that  the  Veda  vv&b  dead 
and  forgotteUf  and  that  the  real  religion  of  the  Hindus  was  nothing 
but  the  most  hideous  idolatry. 

After  showing  how  diflBcnlt  it  is  for  travellers  igaorant  of  Ihe  i 
ancient  language  and  literature  of  India  to  understand  what  tbey  m  ' 
in  that  country,  the  lecturer  proceeded  to  define  what  was  really 
meant  by  the  religion  of  a  country,  and  how  it  ought  to  be  studied « 
He  quoted  several  misrepreaentations  of  the  true  character  of  the 
Hindus,  among  others,  the  statement  lately  made  by  a  geutleman  long 
resident  in  India,  that  a  Hindu  would  rather  kill  a  woman  than  a  cow, 
a  statement  which  was  about  as  true  as  that  an  Englishman  would 
rather  shoot  his  wife  than  a  foi.  Instead,  however,  of  dealing  in 
assertions  and  counter-assertions,  he  should  prefer  to  put  the  question 
aa  to  the  importance  of  the  Veda  even  in  modern  timed  to  a  practical 
test,  and  he  proceeded  to  do  eo  by  examining  the  life  and  works  of 
the  greatest  religious  reformer  of  modern  India,  Bammohun  Roy» 

In  India,  he  said,  there  is  no  taete  for  history,  still  less  for 
biography.  Home  lifo  and  family  life  are  shrouded  by  a  veil  which 
no  one  ventures  to  lift,  while  public  life  has  as  yet  hardly  any  exis- 
tence in  the  East.  What  we  know,  theroforoj  of  the  external  life  of 
Rammohun  Hoy  ia  very  little,  and  even  that  little  of^en  very  doubtful, 
Eimmohun  Soy  was  born  in  1774,  His  ancestors  on  the  paternal 
and  maternal  sides  belonged  to  the  Brahmauic  aristocracy.  He  him- 
self  was  educated  for  secular  life,  as  his  father  bad  been  before  him, 
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ftnd  Le  devoted  most  of  his  time  as  a  boy  to  a  study  of  Persian  and 
Arabic  rather  than  uf  Sanskrit,  Tbrougli  hm  knowledge  of  the 
Koran  he  was  led  from  his  early  yotttli  to  entertain  the  stroDgest 
avemon  to  idolatry  and  polytheifim,  and  his  outspoken  contempt  for 
faiflfimiilj  idols  led  to  serious  misunderstandings  botween  him  and  his 
pmnta.  The  story  that  at  the  ago  of  aiiteon  ho  wrote  a  book  "  Against 
tbd  idolatry  of  all  religions  "  soenis  to  rest  on  no  good  authority.  But 
ihera  can  be  no  doubt  that  at  that  early  age  H&mmohun  Roy  had  to 
leave  his  paternal  home  to  travel  for  many  years  in  India  and  eron 
beyond  the  frontiers  of  India. 

After  his  return  be  entered  the  service  of  the  East  India  Company, 
and  began  to  acquire  a  knowledge  of  English,  which  was  at  that  time 
a  very  rare  acquirement  for  a  Hindu  gentlemnn.  His  hatred  of  every< 
thing  Eoglisb  was  changed  into  a  feeling  of  sincere  respect  through 
bis  ftoqmdntanco  with  members  of  the  Civil  Service,  and  he  waa  filled 
with  admiration  for  some  of  the  mas  tor- works  of  English  literature. 
After  he  bad  acquired  a  sufiScieiit  fortune,  partly  by  bis  own  exer- 
tions, partly  by  inheritance^  he  bought  a  house  at  Calcutta  and 
settled  there  in  1814.  Hie  house  soon  became  the  centre  of  the  moro 
enlightened  native  society  of  Calcutta.  The  relations  between 
Englishmen  and  natives  were  far  more  cordial  at  that  time  than  they 
are  now»  and  even  such  subjects  as  religion  and  native  customs  were 
freely  discussed  between  them.  In  these  discussions  Rammohun 
Boy  maintained  that  idolatry  and  polytbeif^m  were  mere  corruptions 
of  the  aociont  religion  of  India,  and  that  the  only  book  in  which  that 
ancient  religion  could  be  studied  was  the  Veda.  He  boldly  denounced 
the  malpractices  of  the  priests,  published  extracts  from  the  Veda  to 
show  that  their  teaching  contravened  the  letter  and  spirit  of  their 
own  Bible,  and  thus  gathered  around  him  a  number  of  followers  who 
tried  to  bring  the  religion  of  the  people  back  to  its  original  purity 
and  simplicity.  Ho  opposed  the  huming  of  widows,  and  at  last 
succeeded  in  having  that  hideous  custom  put  down  by  law* 

He  then  turned  to  the  study  of  the  Old  and  the  New  Testaments, 
and  learnt  suiEcient  Hebrew  and  Oreek  to  he  able  to  read  these  books 
in  the  original.  Ho  afterwards  published  the  '  Precepts  of  Jesua, 
the  Guide  to  Peace  and  Happiness/  and  wrote  in  the  preface  i — 
*'  This  simple  code  of  religion  ami  morality  is  so  admirably  calcu- 
lated to  elevate  man's  ideas  to  high  and  liberal  notions  of  one  God, 
who  has  originally  subjected  all  Uving  creatures,  without  distinction 
of  Oiflte,  ratJE,  or  wealth,  to  change,  disappointmentf  pain,  and  death, 
wid  hu  equally  admitted  all  to  be  partakers  of  the  bountiful  mercies 
whieii  be  has  lavished  over  nature,  and  is  also  so  well  fitted  to  regu- 
late the  conduct  of  the  human  race  in  the  discharge  of  their  various 
dutiea  to  God,  to  themselves^  and  society,  that  I  cannot  but  hope  the 
bMt  effects  from  its  promulgation  in  the  present  form."  But,  with 
^  hii  admiration  for  the  teaching  of  Christ,  RAmmohun  Roy  would 
never  become  a  convert  to  Christianity.  When  Dr.  Mitford,  the 
first  Bishop  of  Calcutta,  endeavoured  to  convert  bJm,  and  in  doing  so 
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dwelt  not  only  on  the  truth  %nd  excellence  of  tlie  Clirifltian  religion, 
but  epoke  of  the  honour  and  repute  that  he  would  acquire  as  the  first 
apofitle  of  ChriBt  in  Indiftj  K&mmohun  Boj  felt  so  ofiendcd  &t  the 
auapieion  that  he  could  be  moved  by  such  motives  that  be  never 
called  on  the  Bi^op  ag&in.  In  all  bis  di^oussions  with  miaaiouBjies 
und  others,  R&mmohun  Koj  took  his  stand  on  the  Veda  as  the  word 
of  God,  divinely  inspired,  and,  therefore,  infallible.  It  wa«  on  that 
foundation  that  he  e&tablifihed  the  new  Church  which  hm  smce 
become  famous  under  the  name  of  Bruhma-&amfij\  the  Church  of  the 
belie  vera  in  Brahman,  the  Supreme  Spirit. 

After  fae  had  built  and  endowed  a  bouse  of  prayer  at  Calcntia 
in  1830,  he  proceeded  on  hie  journey  to  England,  being  eent  ae 
Envoy  by  the  Emperor  of  Delhi^  and  wishing  himself  to  see  what  a 
ChriBtian  country  really  was.  He  was  received  with  great  distinction 
everywhere^  and  all  who  saw  him  spoke  of  him  with  the  bighefit 
admiration.  He  also  went  to  Paris,  where  he  was  received  by 
Louie  Philippe.  After  his  return  to  England  he  went  to  pay  a  vifiit 
to  Dr,  Ciirpenter  and  other  friends  at  Brlstolf  and  there  he  died 
suddenly  in  September,  1883» 

The  lecture  closed  with  an  estimate  of  ESmmohun  Boy's  character. 
The  Rajah  was  reprceented  as  an  unselfish.,  honest,  and  hold  man. 
Easy  as  it  might  seem  to  us  to  give  up  idolattj,  it  was  a  bold  thing  for 
a  hoy  of  eistcen  to  say,  "I  will  not  worship  what  my  father  worshipB ; 
I  will  not  pray  as  ray  mother  prays.  I  will  look  oat  for  a  new  God 
and  new  prayersj  if  haply  I  may  find  them."  In  after  life  he  incurred 
the  risk  of  the  losfi  of  his  ancestral  property,  he  was  insultedj  and 
even  his  life  was  threatened  in  the  streets  of  Calcutta.  In  all  these 
Btru^gloB  he  had  nothing  to  support  him  but  the  Yeda  and  the  voice 
of  his  conscience,  and  a  man  who  could  fight  so  good  a  fight  as  he 
did,  deserves  to  be  ranked  among  the  great  benefactors  of  the 
human  race.  In  conclusion  the  lecturer  alluded  to  the  latter  growth 
of  the  Brahma-Samaj,  and  more  particularly  to  that  momentous  crisis 
when  tlie  Yeda  was  deprived  of  its  divine  right,  and  the  Brahma- 
Bamdj,  under  Debendranath  Tagore,  became  a  Church  without  a  Bible, 
It  was  shown  that  this  importaut  change  was  brought  about  by  the 
influence  of  European  scholarship  on  the  minds  of  the  prominent 
member  a  of  the  Brilhma*3amaj.  The  mere  fiu;t  of  the  Yeda  being 
printed  and  published  in  Europe,  and  thus  being  rendered  accessible 
to  every  student,  was  sufficient  to  convince  every  unprejudiced  mind 
that  it  was  a  venerable,  hut  not  a  sacred,  a  human,  but  not  a  divine, 
book.  To  EAmmohun  Roy  the  Yeda  was  true,  because  it  was  divine; 
to  Debendranath  Tagore  it  was  divine,  be<3ftuse  it  was  true.  It  will 
have  to  be  proved  by  the  future  history  of  the  Brahma-Samaj  whether 
eternal  truth  requires  always  a  miraculous  halo,  or  whether  she  can 
rule  human  hearts,  unadorned  by  priestly  hands,  clad  only  in  bar 
own  simplicity,  beauty,  and  majesty. 
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GENERAL  MONTHLY  MEETING, 

Monday,  February  4,  1884,  ^ 

The  DmEE  of  Nobthumbbbland,  LL.D.  D*0X.  Fredid^nt, 
in  the  Chair. 

The  Earl  Percy,  M,P, 
The  Lord  Sudeley, 

The  Key.  Edward  Samuel  Dewick,  M.A, 

Mrs,  Charles  Hawksley^ 

Sidney  George  Holland,  Esq.  LL.B* 

Willmm  B.  Pkyfair,  M.D.  B\R.C.P. 

AuguBtiue  RobinBon,  Esq. 

James  Thorne,  Esq. 

Bobert  Younger,  Eeq*  B,A. 

were  elcK^tod  Membors  of  the  Boyal  IiiBfcitutioQ. 

SlB  JoBEPH  Hoo££&,  E.C.S.I.  C.B.  was  elocted  a  Manager 

in  the  room  of  the  lato  Sir  William  Bieiuona,  F»H.8. 

The  Managers  haTo  received  the  following  letter : — 
{Trandaiiim.j 

I  Aoki»owledj;:e  with  much  gratitude  Yont  kind  and  fl;}rmpathLaing  note  of 
t)i€  3rd  ili«t.,  80  well  oa  tlie  Reeolutioa  passed  at  ike  Meeting  of  Miuiagera  Kit  tbe 
Tknyal  InBtitutioQ  of  Great  Britatn  in  honour  of  mj  belored  brDthei  Williatu, 
wtiofte  mcioory  will  ever     dear  to  vis. 

The  f&cctgtiitioti  of  brotber^i  great  worth,  ho  wfirmly  expreswd  in  thiB 
Betolutiou,  proves  a  na\  ooosulatioa  to  tbe  bereaved  Borrowing  family  of  him  wba 
hai  been  m  prc'tDnturelj  taken  away,  and  will  beneuforth  foi-m  for  them  in  itaeLf 
m  liieinorial  of  bim.  Theae  tiikens  of  grateful  remembranoe  of  smicea  tendered, 
fliown  bj  the  lonrned  and  Bcietitiflo  Bwietiea  of  England*  and  the  moumfng 
hfiooiiri  which  the  cultivated  classes  of  England,  my  brother's  beloved  ftdo(>ted 
ouuntrVf  have  paid  him  einoe  his  death,  afford  that  great  countty  at  the  aoma 
time  a  further  liUe  lo  fikiue^  atnce  they  ure  a  fnah  proof  that  England  ?aiti(^  and 
honoun  mf  rit  wi:ijmat  enquiring  whence  it  orjgin»te«. 

I  beg  ?ou,  dtar  Sir,  to  eon  ray  to  tbe  Matingem  of  the  Eoyal  Inttitution  the 
heartfelt  thank*  of  my  brnthor's  bereared  fuiwily  for  the  Beaolution  wnt  to  lue. 

With  the  eJiprre^ion  of  my  htgh  esteem, 

1  am»  Sir, 

Yotira  faithfully. 

To  Mr-  W.  Bowman,  Br«  WsimKa  Sitxim 

kun.       of  tbe  B^yiil  In«litiition 
of  Ofoit  BriUin, 

AlbeniftTle  Slrpct, 

London,  W. 

2  1  2 
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The  Cordial  Thanks  of  the  Members  were  giyen  to  Lady  Siemens 
for  her  gilt  of  the  "  Selenium  Eye,"  which  formed  part  of  snbject 
of  the  yery  interesting  discourse  deliyered  by  the  late  Sir  WilUam 
Siemens  before  the  Members  on  Friday,  February  18,  1876. 

The  Pbssints  reoeiyed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 

FBOM 

The  Chvenwr-General  of  Jrid/o— Geological  Survey  of  India:  Palawntologia 

Indica:  Series  XIV.  Vol.  I.  Part  4.   4to.  1883. 
Records.   Vol.  XVI,  Part  4.   8vo.  1883. 
The  Secretary  of  State  for  India — Synopsis  of  the  Great  Trigonometrical  Surrey 

of  India.   Vols.  XIV.  XV.  and  XVL   4to.  1883. 
Sketch  of  the  Dynasties  of  Southern  India.  ByB.Sewell.  4to.  Madras,  1883. 
A0U7ZM/and(?OMmment--Stati8tic8ofihe Colony ofNew  Zealand,  1882.  fol.  1883. 
The  Qo^emment  ofFranoe — ^Documents In^ts  ear  THistoire  de  France:  Diction- 

naire  Topographiqne  du  Department  du  Calvados:  Par  C.  Hippeau.  4U>. 

Paris,  1883. 

The  Mele(>roU>gicfd  OJfke--nom\j  4to.  1883. 

Sunshine  Records,  1881.   8vo.  1883. 

Report  of  the  International  Meteorological  Committee,  Copenhagen,  1882.  8vo. 
1883. 

Ahney,  Captain  W.  de  W.  B.E.  F.RJS.  M.R.L  (the  Tnindator)— The  Chemical 

Effect  of  the  Spectrum.   By  J.  M.  Eder.    8vo.  1883. 
Aecademia  dei  Lincei^  Redtef  Rcma—Atti,  Serie  Terza:  Transnnti.   Vol.  VIL 

Fasc.  16;  Vol.  VIII.  Pasc.  1.   4to.  1883-4. 
Asiatic  Society,  £<waj— Journal,  Vol.  XVI.  Part  1.   8vo.  1884. 
Asiatic  Society  of  ifengoi— Proceedings,  Nos.  7,  8.   8vo.  1883. 
AMtronomiedl  Society,  Jsouol- Monthly  Notices,  Vol.  XLIV.  Nos.  1,  2.  8vo.  1883. 

Memoirs,  Vol.  XL  VIL  1882-3.   4to.  188a 
Banker\  Institute  o/— Journal,  Vol.  IV.  Part  10.   8vo.  188a 
Bavarian  Academy  of  SdeneeSj  Boyal — ^Abhandlungen,  Band  XIV.  3te  Abtheilong. 

4to.  1883. 

Mcthoden  in  dcr  Botanischen  Systematik.  Von  L.  Radlkofer.  4to.  1883. 
BirkeU,  John,  E^q.  F.R.C.S.  F.L.8.  M.R.I.—Le  Nouveau  Condacteur  It  Paris. 

Par  F.  M.  Marchant.    16mo.   Paris,  1823. 
British  Architects,  Royal  Institute  of— Proceedings,  1888-4,  Nos.  4,  5,  6.  4to. 
Cambridge  Philosophical  /Society— Transactions,  Vol.  XIII.  Part  3,   4to.  188a 

Proceedings,  Vol.  IV.  Part  ti.   8vo.  1883. 
Cambridge  University  Press,  The  Syndics — Mathematical  and  Physioal  Papers. 

By  G.  G.  Stakes.   Vol.  IL   8vo.  1883. 
ChambeHin,  T.  C.  Esq.  (the  Compiler)— The  Geology  of  Wisconsin.   Vols.  I.  and 

IV.   8vo.  1883. 
Chemical  Society— ^ioxxmaX  for  Dec  1883  and  Jan.  1884.  8vo. 
Clinical  Soc<e/y— Transactions,  Vol.  XVL    8vo.  1883. 

Crisp,  Frank,  Esq.  LL^,  F.L.S.  &e.  M.R.L  (the  £ai<or)— Jounial  of  the  Royal 
Microscopical  Sooiuty,  Series  II.  Vol.  III.  Part  6.   8vo.  1883. 

Daz :  SiteiiU  de  Sorda— bulletins,  2"  Serie  Huiti^me  Ann^ :  Trimestre  4.  8vo. 
1883. 

East  India  il««>c«a«on— Journal,  Vol.  XV.  No.  7.   8vo.  1888. 

Editors — American  Journal  of  Science  for  Dec.  1883  and  Jan.  1884.  8vo. 

Analyst  for  Dec.  1883  and  Jan.  1884.  8vo. 

Athenaeum  for  Dec.  1883  and  Jan.  1884.  4to. 

Chemical  News  for  Dec.  1883  and  Jan.  1884.  4to. 

Engineer  for  Dec.  1883  and  Jan.  1884.  fol. 

Horological  Journal  for  Dec.  1883  and  Jan.  1884.  8vo. 

Iron  for  Dec.  1883  and  Jan.  1884.  4to. 

Natur«»  for  Dec.  1883  and  Jan.  1884.  4to. 
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Bevue  Scientiflque  and  Buf uo  PolitiquQ  et  Littenu'ro  for  Bee,  1883  Arid  Jan. 
1884,    4  to. 

Bteamaliip  for  B^.  1883  and  Jan.  1884.  fol. 
Ttlmcraphic  Jouroa]  for  Dec,  1«83  ami  Jan.  1SS4.  8vo- 
FrankUn  Journal,  Noi.  696.  mi.   8vo,  1S83-4. 

G«p^Fdpliincrf  BocidrU^  Bo^tuT— -Prooeediuga,  Naw  Seri^iiat  Vol,  V,  Hob:  11,  12; 

Vol.  VLNo.  1.   8fo.  1883-4. 
Gtidogical  iSociWy— Abatracts  of  Proceed) n^?8,  1883-3,  Nob.  442-444.  8to. 
Orptvenor  GaUerj/  Library^  Ths  I/iVcciofi— Otttulogue  of  Books  and  Mufiie.  2  roh, 
8to,  1883, 

Inner  TempU,  The  Bon.  Sec.  of  Ute  B&n,  Society  of  lUateri*  of  tiie  BeiMSh, 
1450-1883 :  and  U&bUa  of  tha  Temple,  1540-1883.  [Not  (mblialied.]  8to, 
1883. 

Jokm  Hopkint  OniWwVf— Amt^rican  Journal  uf  Philology,  No.  15.   8m  1883. 

UniTersity  Circular  a.  No.  27.  4  to.  1883. 
Linnean  So^iety-ProcKQiMngB,  1882-3,  Sro. 

TranaactwDs:  Boiany,  Vol.  II.  Parta  5,  6;  Zooltigy,  VoL  IL  ParU  7,  8,  9; 
Vol.  HI  Part  1.    4to.  18811 
Litbon,  S^edade  de  Gtfographia—BnlUtin,  i*  8crie,  Nfts.  2,  3.    8to.  1883. 
Maneiheater  Oeohgical  Soriety^TT^nv&ctloMi,  Vol,  XVII.  Parta  II,  12.  gvo. 

Madkanieat  Enffineer^  ImtUttttm — Proceed inga.  No.  4.   8to,  1883. 
MUMr^logical  Saciidy-^ilu&it&fij  Jonroal,  No.  48.    8vo.  1883. 

Hetfif^rologlcal  Record,  No,  10.   Byq,  1883. 
JfuftJk;  Wta.  mm.  F.8.A.  {tha  Author)— Emntomhtamt  of  Ilia  B^mntna  of  Dr.  W. 

Harvijy.    8vo,  1883. 
JfewfofH  A.  F.  Esq.  (the  JiiiAor)— Anatyeia  of  the  Patent,  Detgigna,  aad  Trade 

Marka  Act,  1883.  8vo. 
JVorth  of  England  Imtilwif  of  MinitiQ  and  MecHdniml  £Wmeer9— TraDaB^liui}«« 

Vol.  XXXir.    8¥o.  1883. 
Nmmim&iie  Cbrouiole  and  Journal,  1883,  Part  3.  8ro, 

Oliver,  IfaHweoff,  Evq.  {the  EdaoT}—^imce  Mouthly,  Illuatrakd.  Vul.  I,  No.  3. 

Svt).  1883. 

Bwxtek,  B.  A.  Enq,  0,E.  F.Q.S.  (the  Aulhor)-BRtntnied  Steam:  the  Motive 

Pawai  in  Volcanoei  and  BorthqniLkea.   8vo.  1882. 
PhiMrmaMitiotd  Soda^  ofGrtat  Bn*(aitt— Journal,  Deo,  1883  and  Jan.  18S4,  8vo. 

Galend&r  for  1884.  8?o. 
FkoUifmiphie  ^iK^ii^ournal,  New  8eriea»  Vol.  VIII.  Not.  2,  3.   8 to.  I8«3» 
Flotuden^  IF.  C.  Eaq.  {tkt  CtnHpiler}— Report  of  tba  Cenaiia  fur  India,  17  Feb.  188I» 

and  Tables.   3  toIs.    fol.  1883. 
BM,  Qemmty  E$q,  {the  -4 aiAor)— Geology  of  the  Country  around  Crony*r. 

em  18:82, 

Bkhardi&n,  B.  W.  M.D^  FBjS,  (the  AuUtory^Tlm  Aaclef.iad.  Vol.  I,  No.  I. 
8¥o.  1884. 

Bk>  de  Janeiro^  06««ffKitotrw  Ifaperm/tf—Buiiletin,  No.  9.    fol.  1883. 
Roval  Societij  of  Lofufon—Frocevdiuga^  Noe.  227,  228.    Sto.  1883, 

Pbilo^sphtcai  Tmnaaetieua,  Vol.  CLXXIIL  Porta  3  and  4;  VoL  CLXXIV. 
Parts  land  2.   4U»,  1883. 
Sotdtith  Soriety  of  Arts,  /%a I— Transactions,  Vol.  XL  Part  I.    8to.  1883. 
Soeietf  o/  ^rtj-^jotji-iial,  Dl«.  1883  and  Jiin.  1884.  8to. 
Boe^  jm  Ftydiical  i^t-flfarrA— ProcetMiitiga,  Vol.  L  Part  4.    8vo.  1383. 
StaU^Aexd  ^Miftf^-^oiLriiul,  Vol.  XLVL  Purt  4.    8to.  18B3 
g|.  BofilbleNiMtf'f  Hotpii^l-nn^tU.  Vol.  XIX,   8vo.  1883, 
81.  P^fMcm  Awdhn i«  d&t Schncm -  JkUnmm  s^  Totne  X XX I,  New.  ^8.  4 to.  1 883. 

Biillatma,  fol.  XXIX,  No,  I  ;  Vol  XXXVIIL  No,  4,   4to,  1^*83. 
Vereint  £ur  Be/Sfdtfun^  dai  Q&mrbjieit*c*  in  PrvuMten — Vt'llixiudluTigcn,  1883; 

Heft  9,  10.  4to, 
K*>if*ri>i  /rij«^7i*fe(— JournaU  Ni».  tl7.   8vo.  1883. 

Torkikir^  Ardmologkal  md  Topofiraphieai  Awtciaiion^JiMnUkt^  Port  80.  8 


476        G.  J,  Romanei  on  Cte  Darwinian  Theory  of  InsHnei.  [¥ 

WEEKLY  EVENING  MEETING, 
Friday,  Febmary  8, 1884. 

Sib  William  Bowman,  Bart  LLJD.  F.B.S.  Honorazy  Secrt:tarj 
Yice-PresideDt,  in  the  Chair. 

GsoBGE  J.  BoMANBs,  Esq.  M.A.  LL.D.  F.R.S. 

The  Darwinian  Theory  of  Instinct. 

(Abetract  deferred.) 
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WEEKLY  EVENING  MEETING, 

Fridajr,  Fabruary  15,  ISSL 

Sta  Feedseios  B&amwsli^  F,H.S.  Man&ger  and  Vioe-Preaident, 
in  the  Chair* 

PEort&sofi  TaoEPE,  Ph.D.  F.B.S. 

T}^€  Chemual  Work  of  Wohler. 

Tem  lecturer  began  hj  reminding  hiB  andience  of  the  brilHani 
eulogy  of  Lie  big  wbicb  Professor  Hofmann  pronounced  in  the 
theatre  of  the  lioyal  Institution  eome  nine  years  ago,  and  said  that  it 
Boemed  fitting  that  aoiiietbing  should  be  eaid  concerning  one  whose 
life-long  aB^)cifttion  with  Liebig  has  exercised  an  undying  iuflnenee 
on  the  dovelopmeut  of  scientific  thought.  The  names  of  Liebtg  and 
Wobler  arti  inseparably  connected.  No  truer  indication  of  tho 
Biugular  strength  and  beauty  of  their  relations  could  be  given  than  ia 
contained  in  a  letter  from  Liebig  to  Wdhler  writtom  on  the  last  day 
of  1871. 

'*  Ich  kann  das  Jahr  nicht  ablaufen  lasaen,  ohne  Dir  noch  elu 
Zeichen  meiner  Fortexietenz  zu  geben  und  die  herelichsten  Wiinscho 
fiir  Dein  und  der  Deinigen  Wohl  im  neuen  auBKUBprechen*  Lango 
werden  wir  nns  GluckwfinBche  eu  neuen  Jahren  nicht  mehr  senden 
konuen,  aber  aueh  wenn  wir  todt  und  langBt  verweat  eiud,  worden  die 
Bande»  die  una  im  Leben  veroinigtoD,  nna  Beide  in  der  Erinnerung 
dor  Menscben  stcts  znsammenhalten  als  ein  nicht  hatifiges  Beiapiel 
von  zwei  Mannern,  die  tren,  ohne  Neid  tind  Missgunst  in  demselbon 
Gebiete  rangeu  und  stritten  nnd  stets  io  Freandschoft  cng  Yorbundon 
bliebea." 

The  father  of  Wohler,  An  gnat  Anton,  was  formerly  an  eqnerry  in 
the  service  of  the  Elector  'William  11.  of  Hesee  ;  his  mother  was  con- 
nected by  marriage  with  the  minifitor  of  Eacherflheim,  a  village  near 
Frankfort,  and  it  was  in  the  minister's  house  that  he  first  saw  thd 
light,  on  the  3lst  July,  1800,  When  quit©  a  boy,  the  bent  of  hia 
mind  towards  natural  soicnco  was  directed  by  Dr  Biich,  a  retired 
physician  who  had  do  voted  liims^^df  to  the  study  of  cbc^miBtry  and 
physios;  and  it  was  in  the  kitchen  of  hia  patron's  bouse  that  he 
prepared  the  then  nowly-disoovorod  olement  selenium,  of  which  an 
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account  was  dflter wards  eent  by  Dr>  Buch  to  Gilb^rt^B  *  Annalen/  vnth 
W5blcf*6  ttEUne  at  tlie  head  of  it.  In  bie  twentieth  year  be  eutered 
the  University  of  Marburg  as  a  student  of  mediciuo,  but  all  his 
leisure  time  was  devoted  to  chomical  investigatioD.  Ho  diBcoTered^ 
without  knowiog  that  Davy  had  anticipated  him,  the  intensely  jK>ison- 
ous  iodide  of  cyanogen ;  and  in  a  little  paper  on  cyanogen  compounds, 
communicated  for  him  by  Dr.  Buch  to  Gilbert's  '  Annalen,'  we  have 
the  first  description  of  the  remarkable  behaviour  of  mercuric 
ihiocyanate  ou  beating,  which  has  led  to  its  use  in  the  so-called 
"  Pharaoh  6  serpents," 

Wohler,  attracted  by  the  fame  of  Leopold  Gnaelin,  left  Marburg 
for  Heidelberg,  and  in  the  old  cloisters  which  at  that  time  constituted 
the  University  laboratory,  he  began  the  work  on  cyanic  acid  which 
some  four  or  Eve  years  later  culminated  in  his  great  digcovery 
of  the  synthesis  of  urea.  In  1823  he  obtained  bis  degree,  and  on 
Gmelin'a  advice  abandoned  metlicine  for  chemistry.  The  masterly 
analytical  skill  of  the  great  Swedish  chemist  Berz alius  no  less  than 
his  labours  towards  the  development  of  chemical  tlioory  had,  at  this 
time,  mads  him  supreme  among  the  chemists  of  Europe,  and  to  Stock- 
holm, therefore  J  Wphler  determined  to  go.  He  was  warmly  wel- 
eomed  by  the  illustrious  Scandinavian  chemist,  of  whom  ho  has  left  us 
an  interesting  sketch  in  his*'  Jugoud'Erinnerungen  eines  Chemikers  " 
(Ber.  Deuts.  Chem.  GoselL,  1876).  Whilst  at  Stockholm  he  dis- 
covorod,  among  other  products^  some  now  compounds  of  tungsten, 
notably  the  monoxy chloride  and  the  tungsten  sodinm-bronze 
(Na^WaOp)  which  twonty-fivo  years  later  was  inbrodnoed  iuto^the 
arts  as  a  bronze  powder. 

After  a  couple  of  months  spent  in  travel  with  Berzelius  in 
company  with  the  two  Brongniarts,  Wohler,  at  the  expiration  of 
his  year's  stay  in  Sweden »  returned  to  Germany  and  prepared  to 
settle  at  Heidelberg  as  "privat  decent."  On  the  recommendation 
of  Leopold  von  Buch,  Poggendorff  and  Mitscherlich^  he  was,  bow- 
ever ,  appointed  to  the  teachership  of  cbomistry  in  the  newly  founded 
Gewcrbo  Schule  in  Berlin.  Wohler  was  now  twenty-five,  and  in 
possession  of  a  laboratory  which  he  could  call  his  own^  One  of  the 
many  problems  which  he  at  this  time  attacked  was  the  isolation  of 
aluminium,  which  he  succeeded  m  obtaining  by  the  method  which 
nearly  twenty  years  afterwards  was  worked  out  on  a  manufacturing 
scale  by  Sainte-Claire  Devi  lie.  Deville  caused  the  first  bar  of  the 
metal  thus  procured  to  be  struck  as  a  modal,  with  the  image  of 
Napoloou  III.  on  the  one  side  and  the  name  of  Wohler  with  the  date 
1 827  on  the  other,  and  presented  it  to  the  German  chemist 

But  of  the  twenty- two  memoirs  and  papers  which  Poggendorff 's 
*  Aunalen '  exhibits  as  the  outcome  of  Wobler's  activity  during  his  six 
years'  stay  in  Berlin^  that  on  the  artificial  formation  of  urea  is  by  far 
the  most  important.  Probably  no  single  chemicul  discovery  of  this 
century  has  exercised  so  great  an  influence  on  the  development  of 
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liberal  thouglit  in  Bcienco,  and  the  words  mih  wliich  Wdliler  closes 
hiB  aecoont  of  the  molecular  tmnaformatton  of  atamonium  cyanato— 
B  body  of  purely  inorganic  ongin— into  urea,  &  substance  whicb  of 
all  tliat  might  be  named  i»  the  moat  charactorietic  of  the  action  of  ihci 
so-called  ttital  foree^  are  full  of  meaning.  **  This  uneipoctad  result," 
be  Gays,  *^  is  a  remaikablo  fact  in  m  far  as  it  presents  an  example  of  tho 
artifiicial  formation  of  an  organic  body,  md  indeed  one  of  animal  origin 
out  of  inorganic  materials/* 

At  about  tbo  time  that  Wuhler  made  this  great  diB^x^Yery  be  became 
lO^liuinted  with  Liebig.  When  Woliler  waa  at  Stockholm,  think- 
ing and  working  on  cyanic  acid,  Liebig  was  in  Paris  engaged  with 
Qbj  Luasac  on  the  study  of  the  metallic  compoimds  of  fulminic 
aeid.  The  result  of  the  investigations  was  to  show  that  the  eiplo- 
mTB  fulminic  aeid  and  the  innocaoua  cyanic  acid  were  of  identical 
compoeitiom  The  idea  that  bodies  could  exist  of  identical  uUimato 
oofopoeitiou  and  yet  possess  essentially  different  properttea  was  then 
new  to  science.  Berzelius,  the  great  chemical  law-giver  of  his  time, 
muted  the  notion  as  absurd,  until  the  discovery  by  bis  pupil  Wohler 
of  the  molecular  transformation  of  ammonium  cyanate  into  urea  forced 
him  to  realise  the  fact,  and  to  coin  for  ns  the  word  isomerism  by  which 
that  fact  is  denoted.  On  the  proposition  of  Wohler,  tho  two  diemista 
engaged  to  work  together,  "  Es  muss  wirklich  ein  bdser  Diimon  aein  " 
wrote  Wdhler  to  Liebig,  "  der  uns  immer  wieder  onvermorkfc  mit 
vnAem  Arbeiten  in  CoUieion  bringen  und  daa  chemischo  Publicum 
glanben  machon  will,  wir  such  ten  dergleichen  Zankapfel  als  Gegnep 
absichtlich  auf.  Icb  denke  aber,  es  soli  ihm  nicht  gelingen.  Wcnn 
8ie  Lust  dazu  haben,  so  konnen  wir  uns  den  Spass  macben,  irgend  eine 
olumische  Arbeit  gemeinscbaftlich  vorzunehmen,  um  das  Beau  I  tat 
anler  nnserm  gemeinsohaftlichen  Namen  bakannt  zu  machen  .  .  ,  Ich 
fiberlasBe  die  Wahl  dos  Gegcnstandes  ganz  Ibnen*" 

Thsir  first  work  in  common  was  on  mellitic  acid.  Shortly  afler 
its  ftppeftrancOf  Wtihler  and  Liebig  undertook  a  joint  investigation  on 
oyuinriQ  acid,  in  the  course  of  which  they  observed  the  ertraordinary 
tmusformation  of  that  acid  into  cyanic  acid  and  the  reconversion  of 
the  cyanic  acid  into  cyanuHc  acid — one  of  the  most  remarkable 
instBtie^  of  polymeric  rearrangement  known  to  the  chemist. 

In  1831  Wohler  was  called  from  Berlin  to  Cassel,  and  for  some  little 
time  he  was  wholly  engaged  in  the  planning  and  erection  of  his  new 
laboratory  at  the  Gewerbe  Bchule  in  that  town.  In  tbo  spring  of  the 
following  year,  be  proposed  to  Liebig  to  attempt  to  clear  up  the  con- 
fuflion  respecting  the  nature  and  relations  of  the  essential  oil  of  bitter 
idmonds.  This,  as  a  piece  of  work,  was  perhaps  their  masterpiece. 
The  investigation  on  the  radicle  of  benzoic  acid  will  ever  remain  one 
of  the  greatest  achievcmonta  in  tho  history  of  organic  chemistry.  It 
was  full  of  facte,  and  rich  in  the  promiso  of  new  material.  Tho 
immediate  effect  of  tho  paper  was  to  t«tablish  tho  dcictrine  of  orgauio 
radicles  by  demonstrating  the  existence  of  groups  of  bodies  which  had 
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their  anologuea  and  prototypes  in  inorgauic  cb^migtrj.  The  con- 
cluding words  of  the  memoir  strike  in  fact  the  kej-note  of  the  whole 
investigation.  ^*  In  once  more  reviewing  and  eonnecting  together  the 
relatione  described  in  this  paper,  we  find  that  they  may  be  grouped 
round  a  common  nucleus  which  preserrcs  intact  ita  nature  and  com- 
poflition  in  its  assoeiatioDs  with  other  bodies.  This  stability  has 
iudnced  lis  to  regard  this  nucleus  as  a  kind  of  compound  element,  and 
to  propose  for  it  the  special  name  of  benaoyl/' 

A  sigmfieuDt  feature  of  the  memoir  was  tliat  eaeh  of  the  subetances 
described  and  correlated  was  the  type  of  a  group  of  bodies,  some  of 
which  were  known,  bnt  of  which  tlic  analogies  aud  relations  were 
un thought  of;  others  of  these  bodies  had  yet  to  be  discoirorcd,  a 
matter  of  little  difficulty  when  the  modes  of  their  origin  had  been 
indicated.  The  efTect  of  thiB  mcujoir  on  the  chemical  world  wfis  Tery 
great.  BerzeHus  indeed  regarded  it  as  the  dawn  of  a  new  day  in 
vegetal  chemistry,  and  proposed  that  the  new  radicle  should  be  named 
proin  (from  irpm^  the  beginning  of  day)  or  ori/inn  (from  opepo^  day- 
break, 

Wohler  remained  in  Caasel  nearly  five  years.  In  the  autumn  of 
1836  died  Stromoyer,  Professor  of  Chemistry  in  the  University  of 
Gottingen,  and  the  choice  as  to  hie  succee^^or  lay  bet^veen  Liebig  and 
Wohler,  Eventually  "Wohler  was  selected,  and  he  entered  on  his  work 
at  Gtlttingen  in  the  early  part  of  1836.  He  was  succeeded  at  Cossel  by 
Bunsen,  who  was  at  that  time  "  privat  docent "  at  Gottingen.  In  the 
October  of  1836,  Wohler  was  ready  for  fresh  work,  and  he  proposed  to 
Liebig  to  work  out  the  singular  origin  of  benzaldehyde  (bitter  almond 
oil)  from  amygdalin  under  the  infiueuce  of  a  nitrogonised  ferment, 
termed  by  Liebig  and  Wohler,  emulsiu.  Amygdalin  in  presence  of 
water  is  decomposed  into  benialdehydo,  pruBsic  acid,  and  sugar 
(glucose).  Both  the  emulsin  and  the  amygdalin  esist  together  tn  tha 
almonds^  but  are  contained  in  separate  cells  and  are  only  brought  into 
contact  by  the  rupture  of  the  celU walls  and  the  solvent  action  of  the 
water.  Amygdalin  was  the  prototype  of  a  large  and  important  group 
of  substances  classed  together  as  the  glncosides. 

At  the  instigation  of  Wohler  the  friends  again  returned  to  the  ques- 
tion of  the  chemical  nature  of  uric  acid,  and  the  memoir  which  they 
published  on  this  subject  is  of  the  profoundegt  interest  not  only  to  the 
chemist  but  dso  to  the  phyaiologist.  Uric  acid,  originally  disoovered 
by  Scheele,  was  shown  in  1815  by  William  Prout,  then  a  boy  of  nine- 
teen, to  be  the  main  constituent  of  the  solid  excreta  of  reptiles;  other 
chemists  had  succeeded  in  obtaining  various  derivatives  from  it, 
indeed  Prout  himself  had  prepared  from  it  the  so-called  purpuric 
acid— a  substance  which  years  afterwards,  as  murexide,  obtaijied  a 
transitory  importance  in  the  arts  as  a  colouring  matter.  But  no  tiling 
was  known  concerning  the  constitution  of  tho  body  or  of  its  relations 
to  its  derivatives  until  Wohler  and  Lickig  attacked  the  problem. 
The  extraordinary  mutability  of  uric  acid,  which  had  baffled  and 
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deceived  previous  m?cBtigators,  afforded  to  WiiMer  and  Liebig  the 
cine  Ui  a  labyrinth  wliich  led  to  a  veritable  treasnre-bonaa,  and  tbe 
marrellonB  infiight  and  rare  analytical  faculty  of  tbcse  two  great 
men  wore  never  more  clearly  indicated  than  in  tbe  way  in  which  they 
trod  this  intricate  mazi2.  No  fewer  than  fifteen  new  bodies  were 
ndded  to  the  li^t  of  tbeniical  compounds,  and  these  were  correlated 
with  the  same  masterly  perspicacity  that  waa  so  fitTxkingly  eihibited 
in  the  memoir  on  the  rafliole  of  benzoie  acid.  Some  of  the  gi'eateet 
trinmpha  of  modern  chemistry  are  seen  in  the  ayntheais  of  organio 
bodies ;  that  organic  chemiBtry  was  about  to  advance  along  this  line 
was  clearly  foreseen  by  Wohler  aud  Liebig*  In  opening  their 
account  of  thia,  the  last  great  work  they  did  in  commonj  they 
«ay:— 

*'  From  this  research  the  philosophy  of  chemistry  will  draw  ihs 
conclusion  that  the  ultimate  synthetical  formation  in  our  laboratories 
of  all  organic  bodieSj  in  so  far  as  they  are  not  organised  (in  so  weit 
de  nicbt  mehr  dem  Organismus  angehdren)  may  be  regar<led  as  not 
only  probable  but  certain.  Sugar,  salicin,  morphin,  wiU  be  artificially 
obtained.  As  yet  wo  know  nothing  of  the  way  by  which  this  result 
is  to  be  attained}  inasmuch  as  tho  proximate  materials  for  forming 
these  bodies  are  unknown  ;  but  we  shall  know  them." 

Henceforth  the  friends  worked  but  little  in  common  ^  Liebig'a 
energies  were  spent  in  other  directions,  and  Wohler  turned  bis  atten- 
tion chiefly  to  inorganic  chemistry*  In  concert  with  Sainte- Clair© 
DeviUe^  he  investigated  boron  and  its  compounds  with  alnminium  and 
nitrogen.  Tbe  readiness  with  which  boron  unites  with  nitrogen,  and 
the  mode  in  which  the  compound  may  be  decomposed,  led  Wohler  to 
a  conception  of  the  origin  of  boric  acid  and  borax  in  the  volcanic 
w&tera  in  which  they  are  frequently  found.  In  collalx^ration  with 
Bu^,  he  discovered  the  spontaneously  indammable  hydride  of  silicon, 
tbe  analogue  of  marsh  gas,  and  thereby  laid  tho  foundation-stone  of  a 
superstmcture  which  in  time  to  come  may  be  only  less  imposing 
than  that  built  up  of  the  componnda  of  carbon.  Many  years  ago 
Wollaston  noted  the  presence  of  lustrous  copper-coloured  cubes  in 
the  slags  from  iron-blast  furnaces  which  ho  assumed  to  be  metallio 
titanium.  Wohler  proved  this  substance  to  be  a  compound  of  carbon, 
nitrogen  J  and  titanium^  and  showed  bow  it  might  be  obtained.  Of 
all  the  elements  known  to  the  cbcmist  up  to  the  period  of  Wohler's 
cessation  from  work,  it  may  be  safely  affirmed  thut  there  waa  not  one 
but  that  bad  paiised  through  bis  hands  in  some  form  or  other,  and  the 
number  of  minerals  and  meteorites  he  analysed  is  legion.  In  all,  he 
was  the  author  of  275  memoirs  and  papers ;  of  these,  fifteen  were 
pnblishe^l  with  Liebig, 

In  philofiophio  contentment,  happy  in  his  work,  in  his  home  life 
and  in  his  friendahipa,  Wohler  Lived  out  his  four-ecoro  years  and  two. 
He  made  Gottingen  famous  as  a  school  of  chemistry ;  on  the  com- 
pletion of  the  one-ond-twentieth  year  of  hia  conneotion  with  tho 
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Universitj,  it  was  found  that  upwards  of  8000  students  had  attended 
his  lectures  or  worked  in  his  laboratory.  He  was  a  man  whom  the 
world  has  delighted  to  honour,  and  there  was  hardly  an  academy  of 
science  or  a  learned  society  which  has  not  in  some  way  or  other 
recognised  his  services  to  science.  He  was  made  a  foreign  member  of 
the  Boyal  Society  in  1854,  a  corresponding  member  of  the  Berlin 
,  Academy  in  1855,  Foreign  Associate  of  the  Institute  of  France  in 
1864,  and  in  1872  he  received  the  Copley  medal  from  the  Boyal 
Society.   He  died  en  the  23rd  September,  1882. 

[T.  B.  T.] 
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WEEKLY  EVENING  MEETING, 
Friday,  February  22,  1884 

Sib  Welliam  Bowman^  Burt  LL^B,  F*R,S,  Hoaorary  Secretary  and 
Vice-PreBident,  in  the  Chair. 

Bin  FaEDEEiOK  Bbahw^ll,  F.E.S.  V.P-  Inst-C.E.  MM,l 

Londm  Q»dow  bridge)  North  and  South  Communication, 

Twa  towns  A  and  B,  situated  on  the  opposite  bunks  of  a  tidal  river. 
Tbe  corrent  even  at  springs  never  great.  The  width  never  more 
than  440  yards.  These  tov?DS  have  river  frontagofi  of  some  sii  and 
a  half  miles.  Not  inconsiderable  towns,  therefore— ^far  froio  it ;  in  fact, 
one  of  them  has  a  population  of  890^000,  and  the  other  a  population 
of  655»000.  Each,  therefore,  greater  than  Manchester,  or  Liverpool, 
or  BinniDgbam,  as  large  as  Dublin  or  Glasgow,  larger  than  Dresden, 
Mila%  Rome,  and  other  capitals  or  celebrated  cities;  and,  taken 
together  (tbe  true  way  of  considering  them),  more  than  half  the  size  of 
Paris,  larger  than  Berlin  or  than  Yienua;  yet,  strange  to  relate,  no  means 
are  prodded  by  which  a  carriage  can  go  from  one  town  to  the  other, 
or,  indeed,  by  which  a  foot  passenger  can  (with  one  trifling  esceptton) 
walk  &om  one  side  of  the  river  to  the  other ^  unless  tho  passenger,  or 
the  driver  of  tbe  carriage,  is  willing  to  journey  from  whatever  part  of 
the  town  he  may  be  in,  to  the  extreme  west,  where  he  will  find  a 
bridge.  Moreover,  the  inhabitants  of  these  two  towns  are  not  at  war, 
for  they  are  the  subjects  of  on©  Sovereign, — in  fact,  they  are  practi- 
cally members  of  one  municipality ;  they  speak  the  same  language,  thus 
there  is  no  frontier  cuatom-houee,  not  evt^n  an  octroi^  and  no  need 
therefore  to  keep  up  a  Bopsration  either  for  the  prevention  of  invasion, 
or  of  smuggling,  nor  is  iuteroonree  limited  by  the  necessity  of  an 
interpreter. 

Where  can  these  two  towns  be  situated  9  Large  as  they  are,  must 
(hey  not  be  the  decaying  remains  of  some  two  cities  in  tbe  far  east, 
Persia  or  China,  from  which  all  energy  is  absent  ?  In  the  far  east  «a 
nnderstood  by  the  world  outside  England  they  are  not,  but  they  are 
indeed  cities  in  the  far  esfit,  according  to  the  views  of  most  of  the 
audience  I  have  the  honour  of  addressing  to-nigbt.  The  designa- 
tioDB  of  their  subdiBtriets  aud  streets,  although  relieved  at  ram 
intervals  by  such  pleasant  names  as  Cherry  Garden  Stairs  and 
Nightingale  Lane,  are,  as  a  rule,  barbarous  and  uncouth:  Tooley 
Street,  Uie  home  of  the  throe  tailors ;  Horselydown ;  Dockhead ; 
Jtoob's  Island  (s«e  *  Oliver  Twist ')  ;  RotliLrhithc  ;  Pickle  Herring 
Slain,  on  the  one  side East  Smithneld ;  Ha  tcliiT  Highway;  Wapping 
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(where  the  ClMmant  was  born) ;  Boarded  Entry ;  Limehouse ;  and 
the  Isle  of  Dogs  on  the  other.  Yet  to  attain  this  far  east  d^mande  no 
passage  by  a  P.  and  O.  (Polite  and  Obliging)  eteamer,  no  traversing  of 
a  Suez  Canal :  a  Hansom  cab  and  6*,  will  take  you  thero  in  three- 
(j^uarfcere  of  an  lionr, 

I  am  afraid  you  will  accuse  me  of  a  IsTity,  tmbecoming  as  well 
the  importance  of  the  subject  as  the  gtuvity  of  the  Eoyal  Institution; 
but  for  years  this  condition  of  thingSj  that  the  890,000  inhabitanta 
on  the  16  equare  miles  to  the  north-east  could  only  communicate 
with  the  655^000  on  the  42  sq^uare  miles  to  the  south-east  by  going 
westward  to  London  Bridge j  bae  struck  mo  as  something  perfectly 
ludicroua :  a  feeling  that  was  intensified,  when,  not  so  long  ago,  I 
listened  to  the  arguments  and  evidence  laid  before  a  Parliamentary 
CJommittee,  grounded  on  the  petty  detailB  of  how  many  waggon 
loads  a^ay  traTcrscd  the  imperi'oct  means  of  communication  whicli 
now  exist,  put  forward  with  the  object  of  convinciDg  that  Committee 
that  no  better  means  were  needed ;  that  is  to  say— Afford  no 
facilities  for  traffic,  thereby  keep  it  down  to  a  minimum,  and  then 
argue  that  facilities  are  not  needed  for  a  minimum  traffic.  Tho 
development  of  this  argument  might  bo  as  follows; — Stop  up 
Picc4i4illy  from  end  to  end  for  repairing,  ascertain  that  only  ten 
carts  a-day  came  ap  eide  streets  to  the  houses  that  could  be  reached 
therefrom^  and  then  determine  there  was  no  need  to  be  at  the  cost 
of  completing  the  repairing,  because  the  returns  showed  so  small 
a  traffic >  You  will  say  this  ta  absurd.  I  agree,  it  is  absurd,  but  it 
is  no  more  absnrd  than  the  arguments  which  are  used  in  reference 
to  below-bridgo  communication*  I  venture  to  suggest  that  the  true 
way  to  look  at  the  question  is  the  one  which  I  have  adopted  to- 
night— two  enormous  towns,  witb  practically  no  means  of  communi- 
cation, and  separated  only  by  a  puny  stream,  for  puny  it  r^Uy  is.  I 
have  on  the  wall  a  large  map  of  London,  I  have  temporarily  covered 
over  the  part  to  tho  west  of  Loudon  Bridge,  leaving  visible  the 
*'  Below  Bridge  part  only.  Let  ua  dismiss  from  our  minds  the 
north  and  south  of  London  above  that  bridge,  districts  (or  towns,  as  I 
shall  call  them  hereafter)  which  really  have  nothing  to  do  with  the 
question  before  us,  except,  that  I  propose  tf>  refer  to  them  directly,  by 
way  of  illustration  j  and  let  us  ask  ourselves  whether  it  is  not 
absolutely  incredible,  and  a  matter  which,  when  stated,  inevitably 
appears  to  be  ridiculous,  that  this  condition  of  separation  of  town  A, 
from  town  B,  should  exist  ? 

Is  such  a  state  of  things  exceptional  ?  To  answer  this  question 
we  will  consider  what  has  been  done  in  other  caaes^ — New  York  and 
Brooklyn,  The  well-known  map  is  on  the  waU*  The  1,350,000 
inhabitants  on  Manhattan  Island  (New  York)  are  separated  by  the 
East  Eiver  from  the  585,000  inhabitants  of  Brooklyn;  but  for 
years  past  these  two  millions  have  made  strenuous  efforts  to^  as 
far  as  lay  in  their  power,  annul  this  separation.  Tbey  have  estab- 
lished numerous  lines  of  steam  ferries^  starting  many  times  in  the 
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hoUTj  making  tb©  paseago  in  but  a  few  mitintea,  and  giving  all 
pessengcrfi  ghelter,  wamtb^  light,  and  the  moat  ecrapuloue  cleanliness, 
in  a  w&y  that  flhames  anytliing  that  we  can  show  of  a  aimUar  nature 
on  til  IB  gide  of  the  wat«r.  Excellont  as  this  ferrj  eemce  ia,  and 
csirrymg  as  it  do€fl^  112,000  pcrBous  a  daj,  it  did  not  satisfy  the 
needB  of  the  inhabitants  of  thorn  two  towns,  and  tb@  result  has  boen, 
the  constmction  of  that  magnificent  engineering  work,  the  East  River 
High  Level  Bridge,  opened  on  the  24th  of  lost  May ;  to  a  Fotigh 
diagram  of  which  I  now  point*  Three  enspension  apana,  the  central 
one  being  1595  feet,  tho  two  side  spans  930  foot  each,  the  bridge  from 
abutment  to  abutment  therefore,  3455  feet  in  longth;  the  clear 
height  abovo  high  water  135  feet;  the  width  of  the  platforuL  85  feet, 
giving  aacommodation  for  a  central  footway,  a  double  line  of  rails 
for  a  rope  tram  way  ^  a  double  line  of  road  for  carriages^  The 
foandation  of  one  of  the  piers  had  to  be  carried  down  to  a  depth  of 
78  feet  below  high  water,  and  was  executed  by  tho  aid  of  compresaed 
air  (to  Lord  Cochrane's  invention  of  which  system  reference  will 
hereafter  be  made),  the  men  working  (at  the  mamnum)  in  a  pressure 
of  33  lbs«  to  the  square  inoh  abovo  atmosphere.  This  bridge  with 
its  approaches,  and  the  land  for  them,  it  is  believed,  has  cost  from 
14  millions  to  16  millions  of  dollars— say  2,800,0001.  to  3,000,0001,, 
of  which  Brooklyn^  the  smaller  town,  contributes  two-thirds,  and 
New  York  one- third. 

Having  established  this  commmiication  across  tho  East  Biver  to 
Brooklyn,  the  inhabitants  of  New  York  are  not  satiefied.  To  the 
west  of  Kew  York  runs  tho  Hudson,  cutting  it  off  from  the  State 
of  New  Jersey^  and  its  thriving  towns;  and  although  there  is  main* 
tained  across  this  stream,  a  splendid  service  of  ferry  boata,  there  is 
now  being  dnven  below  the  Hudson  (and  again  by  the  use  of  Lord 
Cochrane'a  system)  a  tunnel,  of  about  a  mile  in  length,  to  effect  a 
communication  that  shall  bo  independent  of  ice  and  fogs,  and  one 
through  which  the  railway  trains,  that  are  now  compelled  to  stop  at 
the  Now  Jersey  shore,  shall  bo  able  to  enter  the  City  of  New  York 
itself. 

Another  instance  nearer  home — Liverpool  with  ita  5511,000  in- 
habitants on  the  one  side  of  tho  Mersey,  and  Birkenhead,  and  the 
Qjeighbouring  towns,  on  the  other  side.  Here  is  established  a  system 
of  steam  ferries,  which,  so  far  as  easy  access  from  tho  shore  to  the  boat, 
iLOtwithstanding  a  great  rise  and  fall  of  tide,  ib  concerned,  are  not 
tnrpftflsed,  even  if  indeed  they  be  equal  led,  anywhere  ;  and  tho  boatt 
themselves  of  late  years  have  been  good,  though  not  up  to  the  standard 
of  the  ferries  of  Now  York*  Bnt  the  iobabitante  of  Liverpool  and 
Birkenhead  have  not  been  content,  and,  as  you  know,  even  since  the 
beginning  of  this  year,  the  preliminary  drift  way  of  the  Iferwy 
Tunnel  has  been  completed  from  side  to  side.  This  tunnel  (of 
whieh  the  engineers  are  Mr.  Brunleea  and  Mr.  Fox)  is  one  mile  long 
from  shaft  to  shaft  (1232  yards  heing  under  the  river),  and  iti  floor 
at  the  lowest  point  will  be  145  feet  b«low  tho  level  of  high  watar^ 
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thore  IB  n  tnitiimum  tliickticBs  of  30  feet  of  nick  botwecn  its  roof 
and  the  be<l  of  tbo  river.  The  tunnel  will  nSord  acoommcN^atioD 
to  two  litieg  of  r^ilwAj,  and  there  will  bo  pas&enger  stations  closo  to 
the  river  bank,  fitted  with  hydraulio  hoiete. 

When  on  the  8th  of  Janitary,  1884,  the  two  parties  who  had 
adTancod  from  the  opposite  shores,  made  the  junction  of  their  res  poetise 
works,  it  w»6  found  that  the  error  horizontally  was  cohered  by  the 
width  of  the  ranging  pole,  and  vertically  was  only  one-eighth  of  an 
incb«  I 

But  there  are  two  towns  nearer  home  that  appear  to  appreciate 
the  advautagcB  of  other  eommunio&tion,  than  that  which  can  be  afforded 
by  ferries,  or  than  can  be  obtained  by  a  journey  of  several  miles  to  a 
single  bridge  at  one  of  their  oxtremitiea.  The  towns  to  which  I  told 
you  I  should  have  to  revert — those  which  He  north  and  south  of  the 
Thames  to  the  west  of  London  Bridge,  One  hundrod  and  thirty  years 
ago,  when,  from  the  best  infonnation  I  can  obtain,  the  population 
west  of  London  Bridge  did  not  exceed,  if  indeed  it  amounted  to, 
600,000,  including  batii  north  and  south,  this  population  fonnd  out  that 
it  was  not  convenient  when  it  was  desired  to  cross  the  river  to  be  obliged 
to  go  eastwai-d  to  London  Bridge  for  that  purpose,  and  therenpou  were 
built,  Westminster,  opened  in  1750^  and  Blackfriars,  completed  in  1770, 
These  were  public  bridges  free  of  tolL  As  London  grew,  camjiauicft 
were  formed,  who  built  successively  Vanxhall  Bridge,  opened  in  1816 ;  | 
Waterloo  (originally  callod  the  Strand  Bridge),  opened  in  1817  ;  and  j 
South wark  io  1819;  while  the  Lambeth  Bridge,  the  Albert  Bridge, 
and  the  Wandsworth  Bridge,  also  provided  by  companies,  and  the 
Chelsea  Bridge,  built  by  the  Government,  have  all  been  erected  within 
the  last  few  years,  as  have  been  the  various  railway  bridges*  I 
have  omitted  mention  in  this  chronological  list,  of  Batiersea,  and 
of  Putney  BridgeSj  because  at  the  time  fliey  were  built  they  were  in 
fact  rural,  and  not  Metropolitan  Bridges ;  but  the  growth  of  London 
has  embraced  them  within  its  bounds.  Both  these  bridges  were  the 
result  of  private  enterprise.  Putney  Bridge j  the  really  operative  Act 
for  which  was  not  passed  till  1723^  deserves  notice,  because  it  is  an 
instance  of  delay  giving  sanction  for  a  communication  the  need  of 
which  was  felt  more  than  half  a  century  before  the  Act  was  passed  : 
the  proposition  to  hnild  the  bridge  having  been  successfully  resisted  I 
on  absurd  grounds  (notably  in  1671),  that  the  erection  of  this  Bridge  ^ 
would  stop  the  growth  of  the  prosperity  of  Loudon,  as  the  North 
and  South  Traffic  would  pass  the  Thames  at  Putney,  and  would  no 
longer  come  through  the  Metropolis. 

It  is  not  so  long  ago  since  1  had  the  honour  of  lecturing  in  this 
room,  not  upon  the  means  of  communication  from  side  to  side  of  the 
Thames,  but  upon  those  from  side  to  side  of  the  English  Channel  | 
The  arguments  which  wore  used  before  the  Committee  of  last  year, 
which  eat  upon  the  Channel  Tunnel,  must,  I  think  (judging  from  a 
paraidilet  I  hold  in  my  hand,  but  for  the  authenticity  of  which  I  do 
not  vouch),  have  been  taken  from  those         in  reference  to  thii  I 
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Bfitlge  in  1671,  and  witljout  the  proper  acknowledgment  of  the  source 
from  whence  they  were  dcrivetl.  Boar  with  mo  while  I  gi?e  yon  a 
portion  of  the  speech  of  Mr.  Jonea,  one  of  the  then  members  for 
London,  m  I  wish  yon  to  hate  the  benefit  of  hie  owq  views  expressed 
in  his  own  emphfttio  language. 

Mr,  Speiikerf — It  ie  impoesible  to  eontemplate,  without  feelingB 
of  the  moBt  afflictive  nature,  the  probable  euccess  of  the  Bill  now 
before  the  House.  I  ara  eenaiblo,  that  I  can  hftfilly  do  justice  by  any 
wonls  of  mine,  to  the  appreheiiaioEB,  which  not  only  I  myself  per- 
sonally feel  upon  the  vital  qneetion^  but  to  those  which  are  felt  by 
every  individual  in  the  kingdom,  who  has  given  thiB  very  important 
subject,  the  smallest  share  of  hiii  consideration.  1  am  free  to  sny,  sir, 
litid  I  say  it  with  the  greater  freedom,  becanse  I  know  that  the 
erection  of  a  bridge  over  the  river  Thames  at  Putney,  will  not  only 
injure  the  great  and  important  city^  which  I  have  the  honour  to 
represent,  not  only  jtiopanlrae  it,  not  only  destroy  its  correaixtndence 
and  commerce,  but  actually  annihilate  it  altogether.  (Hoar,  hear.)  I 
repeat  it  in  all  possible  fiariousuess,  that  it  will  question  the  rery 
existence  of  the  MetropoUB;  and  I  have  no  hesitation  in  declaring 
that,  neit  to  pulling  down  the  whole  borough  of  Souihwark,  nothing 
can  destroy  London  more  certainly  than  building  this  proposed 
bridge  at  Putney.  ^Eear,  hear.)  Allow  me,  sir,  to  agk,  and  t  do  so 
with  the  more  conhdonee  because  the  answer  is  evident  and  clear^ 
how  will  London  be  supplied  with  fuel,  with  grain,  or  with  hay,  if 
this  bridge  is  built  ?  All  the  correspondences  westward  will  be  at 
on*^  blow  destroyed.  .  . 

1  wish  time  would  admit  of  my  qiiotiug  the  speech  of  Sir  Henry 
Herbert  to  the  like  effect* 

Upon  a  division,  the  Bill  was  thrown  out  by  a  majority  of  13, 
54  Toting  for  the  Bill  and  67  against  it. 

I  fear  this  Putney  Bridge  digression  has  withdrawn  our  mindi 
from  the  fact  that  our  two  towns  were  well  supplied  with  bridges, 
sumo  free  and  some  the  subject  of  tolls.  But  their  inhahitatita 
were  not,  however,  content  even  with  this  condition  of  bridge 
aceommodation  :  they  determined  to  get  rid  of  the  toIU ;  and  Souths 
wark  first,  and  the  various  other  bridges  more  recently,  have  been 
purchased  and  thrown  open  for  the  use  of  theso  inhabitants,  who  in  the 
seven  and  a  quarter  miles  from  London  Bridge  to  Potncy,  have  tea 
road  bridges  and  one  foot  bridge,  while,  as  has  been  «aid,  tho  two 
eaatem  iowns  in  practically  the  same  number  of  miles,  London  Bridge 
to  Blaekwall,  have  no  means  of  communication  whatever^  eicept  the 
Thames  Tunnel,  which  is  now  nmd  for  a  railway,  and  a  foot  subway, 
at  Tower  Hill,  of  only  6  feet  6  inches  clear  internal  diameter. 

As  long  ago  08  1796,  a  tnnnel  was  suggested  to  connect  Gravesend 
with  Tilbury,  but  it  is  believed  very  Utile  work  was  done.  In  1B04, 
a  tunnel,  called  in  tho  Act  of  Parliament  an  Archway,  was  com' 
meaoed  from  Kotherhtthe  to  Limehouge^  By  1809  the  very  small 
(5  fbei  by  3  feot)  preliminary  driftway  for  this  tunnel  was  executed 
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far  about  1050  feet  from  tbo  Surrey  shore,  and  was  then  abfitndoued 
in  consequence  of  the  inflow  of  water^  and  the  want  of  fimda. 

In  1826  the  talented  Marc  learn  bard  Brtmel  oommencsod,  from  a 
point  a  little  to  the  east  of  Hotherhithe  Church,  the  celebrated 
Tbamea  Timnel.  I  have  had  lent  to  me  by  Mr.  Law,  who  was  an 
a&sifitant  engineer  in  the  carrying  out  of  the  Thames  Txmncl,  a 
difkgram  of  the  work,  as  intended.  It  was  proposed,  that  on  each  side 
of  tho  river  there  should  be  sunk  a  circular  shaft  200  feet  in  diamet43r, 
and  containing  a  spiral  roadway,  having  a  ri&e  of  one  in  twenty-five, 
by  which  Tehieular  traffic  could  ascend  and  descend.  At  the  bottom 
the  roads  were  to  pass  across  two  other  shafts,  each  of  50  feot 
diameter,  provided  with  stair caseSt  for  the  foot  passengers.  The 
tunnel  itself  had  two  separated  roadways,  with  footways,  and  arehee 
of  commumcation^  horn  the  one  roadway  to  the  other.  There  is  no 
doubt  that  this  was  a  very  wonderful  work,  and  one  that  largely 
occupied  public  attention.  Forty  years  ago  the  particnlars  of  its 
construction  were  wdll  known,  and  it  would  have  been  a  waste  of 
time  to  have  described  them  to  an  audience  in  this  room ;  but  now 
the  details  are  forgotten,  and  I  think  that  I  may  be  forgiven  if  I 
ask  attention  for  a  few  minutes,  while  I  relate  how  the  work  was 
carried  out 

The  ground  on  the  Surrey  side  having  been  levelled,  a  wooden 
curb  provided  on  its  exterior  with  a  cast-iron  ring,  having  a  cutting 
edge,  was  laid  upon  the  levelled  ground,  and  on  a  framework  of  short 
piles  to  temporarily  support  it,  and  apon  this  curb  was  built,  in  the 
form  of  a  tower,  the  brick  lining,  that  was  to  be,  of  the  shaft.  The 
outside  of  the  tower  was  smoothly  covered  with  Iloman  cement, 
tho  material  employed  in  the  brickwork  itself.  As  soon  as  the 
tower  bad  attained  some  20  feet  in  height,  the  earth  was  excavated 
from  within  the  ring,  which  then  commenced  under  the  weight  of  the 
brickwork  to  cut  its  way  into  the  earth,  and,  with  the  tower,  to 
descend  into  the  excavation.  As  the  tower  sank,  more  and  more 
brie k work  was  added  to  the  top,  and,  as  need  arose,  the  walls  were 
weighted.  In  this  way  the  curb  was  got  down  to  witbio  40  feet 
of  the  required  distance,  when  it  stuck  fast,  and  the  remainder  of  the 
work  had  to  be  done  by  the  process  of  underpinning.  The  shaft 
being  thus  completed  down  to  the  required  levels  and  the  pumping* 
machinery  having  been  fixed,  an  opening  was  formed  in  that  aide  of 
the  brick  tower  which  was  towards  tho  river,  and  the  driving  of  the 
excavation  was  commenced.  This  excavation  was  a  perfect  rectangle, 
38  feet  wide  by  22  feet  high,  filled  with  brickwork  in  Eoman  cement^ 
but  of  conrse  leaving  the  two  holes  cunetituting  the  double  roadway. 
The  work  waB  carried  out  by  means  of  the  "  Shield." 

Through  tho  kindness  of  tho  Council  of  Trinity  Oollogo,  Dublin, 
I  have  been  enabled  to  place  on  the  wall  enlarged  diagrams  of  the 
tunnel.  The  diagram  shows  that  the  shield  consisted  of  twelve 
vertical  frames,  placed  eitle-by-side  like  books  upon  a  book-shelf* 
Each  of  these  &amee  extended  the  full  height  of  the  exoava^ 
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tion,  sad  was  divideil  ioto  three  storeys,  so  hb  to  afford  in  the 
whole  Bhiold  working  spaces  fur  thirty-six  men:  in  some  cases  it 
appoArfi  thftt,  under  a  dangerous  state  of  things^  as  many  as  four  men 
were  needed  in  one  of  those  spaces,  which  were  technically  called 
"  boxes,*'  Each  frame  was  in  fact  a  girder,  the  top  and  bottom  of 
which  were  supported  by  powerful  ficrews,  abutting  against  the  end 
of  tho  already  completed  brickwork  of  the  tncmel,  while  the 
weight  was  taken  by  a  screw-leg,  the  foot  being  stepped  into  a  shoe, 
ciarried  on  a  bottom  pkte^  resting  on  3-inch  elm  planks,  which  were 
supported  on  the  soil.  Badiua  bars  were  provided  between  the 
frames,  so  that  while  one  frame  could  be  moved  in  advance  of  its 
neighbours,  it  was  prevented  by  the  radius  bars  from  jubbing  against 
them,  and  thus  the  friction  was  diminished.  The  tops  of  the  frames 
eupportod  ca^t-iroa  plates,  which  at  the  end  next  the  brickwork  wore 
continned  by  wronght-irou  plalee,  that  extended  over  it  so  as  to 
exclude  the  earth.  Plates  of  a  generally  similar  construction  were 
carried  by  the  sides  of  the  shield.  Each  firame  supported  at  its  front 
a  number  of  horizontal  boards  about  6  inches  deep  and  about  3  inches 
thick ;  these  were  called  poling-boarda ;  they  were  latched  one  to 
another,  so  as  to  make  a  kind  of  flexible  wooden  blind.  Screws  at  the 
ends  ef  the  poUng^boards,  supported  them  irom  their  own  frame, 
estcept  at  the  times  when  the  frame  was  being  pushed  forward,  and 
then  the  supporting  screws^  abutted  on  the  frames  adjoining  their  own. 
Agpume^  for  example,  the  frames  to  be  numbered  from  I  on  the 
left  band  to  12  on  the  right,  and  that  numbers  I,  3,  5,  &c.,  were 
three  inches  more  forward  than  numbers  2,  4,  6,  &c. :  the  workmen 
in  these  even-numbered  frames^  took  down  one  poling-board  in  each 
boxj  picked  out  the  earth,  which  hefonnd  in  &ont  of  it,  for  a  distance 
of  6  inches,  then  replaced  the  board,  took  down  another  boards  and 
repeated  the  operation,  until  the  earth  in  front  of  these  even-numbered 
frames,  had  been  excavated  the  6  inches.  Then  (their  poUng-boards 
being,  as  already  said,  supported  by  the  screws  abutting  on  the 
neighbouring,  the  odd-numbered,  frames)  the  eveu^numberecl  framefl 
were  screwed  forward  the  6  inches,  that  had  been  excavated,  and  thus 
became  3  inches  in  advance^  of  the  odd-numbered  frames.  The  odd- 
numbered  frames  were  then  dealt  with  in  the  manner  that  had  been 
pursued  with  the  even-numbered,  and  their  poling-boards  being  sup- 
ported from  the  even -numbered  frames,  the  odd  numbers  were  driven 
on  the  6  inches,  so  as  once  more  to  become  the  advanced  frames.  As 
the  shield  went  forward  the  brickwork  wom  added  to,  so  as  to  bo 
alwayi  about  9  feet  behind  the  medium  position  of  the  face  of  the 
poling-boards,  and  in  this  way  the  sheet-iron  tailpieces  of  the  roof 
and  sides  wore  kept  supported  by  the  brickwork.  The  arches  were 
turned  on  narrow  centerings,  which  travelled  forward  us  the  work 
progressed. 

The  openingfi  in  the  intermediate  wall  between  the  two  roadways 
were  not  formed  in  this  wall  as  it  wa«  built,  but  were  cut  through 
afterwards.    1  have  deacribed  the  operations  in  the  shield  as  going  on 
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very  system utically  and  quite  comfortftbly,  but  tbis  was  by  no  meAtii 
the  case  in  practice.  The  first  550  feet  of  the  tanuel,  it  is  true, 
were  drivon  without  much  cljffieulty,  and  were  fiuifibed  in  about  sixtoen 
and  a  half  montbafrom  its  coirimeaceuiciiton  January  let,  182G,  giviug 
an  flverage  rate  of  progrosa  of  from  7  to  8  feet  per  week,  and  for  many 
weeks  as  much  as  11  or  eyen  12  feet  of  advance  were  made;  but  on 
the  18th  of  May,  1827,  the  material  through  which  the  tunnel  waa 
passing  being  little  better  thau  Bemi-Hquid  slmh,  and  tbe  then  shield 
not  being  of  the  same  excellent  confitniction  as  the  eecoud  one  (the 
one  I  have  described),  the  water  broke  in  and  oompelled  the  stoppage 
of  the  works.  Clay  was  lowered  in  bags,  from  above  through  the 
water,  into  the  hole  formed  in  the  bod  of  the  river,  and  by 
September  28th  of  the  same  year,  forward  work  was  resumed .  On 
January  12th,  1828,  the  water  again  broke  in.  Ey  May  6th  th# 
workmen  once  more  mastered  the  water,  but  shortly  after,  the  funds 
failing,  the  ends  wore  teraponirily  walled  up,  a  length  of  740  feet 
having  been  driven,  and  this  condition  of  affiiira  fenmined  until  1835, 
when,  the  Government  having  agreed  to  advanco  money,  a  new  shield 
was  made^  and  the  work  was  resumed. 

The  Wapping  shaft  was  prepared  and  sunk,  in  readiness  for  A 
junction  with  tho  advancing  tunnel,  and  in  1843,  on  the  25th  of 
March,  the  tunnel  was  opened  for  foot  passe ngcrs.  Tho  whole  length, 
from  tho  side  of  the  Eotherhithe  shaft  to  the  side  of  the  Wapping 
shaft,  is  1208  feet*  of  which  1014  feet  arc  under  tho  river  at  high  water* 
It  was  stated  by  Mr.  Bronel,  that  while  the  total  woiglit  of  material 
excavated  was  63,000  tons,  that  of  the  brickwork  put  in  its  place  wa» 
only  26,000  tons,  thus  showing,  that  so  far  from  an  extra  strain  having 
been  imposed  upon  the  soil,  it  bad  been  relieved  of  37,000  tons  of 
load.  The  Wapping  shaft  was  got  down  the  whole  way  by  the 
sinking  proeeas,  and  no  underpinning  wag  needed.  I  saw  this  shaft 
in  course  of  execution,  and  Mr.  Brunei  took  me  into  the  shield  when 
it  was  about  130  feet  from  the  Wapping  shore  ;  and  I  remember  that 
the  blows  of  the  pile-engines,  which  were  driving  piles,  for  the  tunnel 
wharf,  were  distinctly  audible,  although  aomo  200  feet  of  earth  inter- 
vened at  that  time. 

The  large  shafts  for  the  vehicular  traffic  were  neyer  sunk,  and  the 
tunnel,  as  you  all  know,  is  now  part  of  the  East  London  Railway, 
affording  a  communication  from  the  Liverpool  Street  Station  in  the 
City,  to Jfew  Cro^,  and  from  thence  to  Brighton,  and  to  other  places, 

I  cannot  quit  the  subject  of  the  Thames  Tunnel,  without  alluding 
to  an  important  invention,  to  which  it  gave  rise*  In  1330,  you  will 
remember,  the  ends  of  the  tunnel  were  walled  up,  and  no  work  was 
being  carried  on«  In  that  year  the  celebrated  Lord  Cochrane  (whose 
locomotive  I  helped  to  make  when  I  was  an  apprentice)  had  a  grant 
of  a  patent,  No.  6018,  for  a  method  which  he  said  was  applicable  to 
the  making  of  such  a  tunnel  "  as  that  now  executiog  beneath  tho  River 
Thames  at  Eotherhithe/'  and  to  the  sinking  of  cylmdera  for  bridge 
foundations.    This  invention  consisted  in  the  application  of  air,  com- 
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preesed  to  such  a  point  as  to  entire!  or  partmllj,  balaDoe  the  pressure 
of  the  water,  in  the  soil  through  which  the  work  was  being  carried 
outt  and  thns  to  stop,  or  to  gtcatly  diminish,  its  influi.  Lord 
Cochraae  showed  the  means  of  doing  this— of  passing  men  in  and 
out  of  the  work,  by  air  locks — of  pftfising  Qaterials  in  and  ont  by 
the  some  means,  or  by  tabes  having  their  ends  open  but  sealed  by  a 
column  of  water ;  in  fact,  he  described  all  that  has  eyer  bIdcq  been 
found  necessary,  or  even  desirable,  in  oompreBsed-air  cylinder  sinking ; 
but,  so  far  as  I  know,  no  use  was  made  of  the  invention  until  185Q, 
when  it  was  employed  in  sinkiog  the  cylinders  for  Rocheeter  Bridge. 
I  felt  I  ought  not  to  let  this  admirable  invention,  of  so  very  remark- 
able a  man,  pass  without  a  brief  notice. 

The  only  other  executed  work,  making  communication  from  side 
to  side  of  the  riverj  below  bridge,  is  that  already  referred  to — the  small 
subway  from  Tower  Hill.  This  cooaiets  of  a  cast-iron  tube,  about 
7  feet  external  diameter,  and  about  6  feet  6  inches  clear  iDtemal 
diameter.  The  engineer  was  Mr.  P,  W.  Barlow,  It  was  opened 
for  traffic  in  the  beginning  of  the  year  1871,  the  work  being  eiecuted 
in  stiff  clay  the  whole  way,  no  difficuHies  of  importance  were  met  with. 
The  authorifled  capital  ia  26,000/.  It  was  originally  intended  to 
use  some  mechanical  means  of  transport,  but  this  idea  was  given  up. 
The  toll  is  a  halfpenny,  and  the  person b  using  it  are  said  to  number 
1,000,000  per  annum,  or  an  average  of  about  3000  per  day ;  a  very  fair 
piece  of  evidence,  in  favour  of  the  needs  of  increased  commnnication. 
In  the  year  1877,  a  steam  ferry  for  vehicular  purposes  whb  eetablitshed, 
just  over  the  Tharacs  Tunnel,  and  was  opened  on  the  Slsfc  Octob*sr  of 
that  year.  The  rise  and  Ml  of  tide  were  allowed  for  by  couutorbalaiiced 
platforms,  raised  and  lowered  by  means  of  chains,  connected  to  hori- 
zuntal  hydraulic  presses.  This  ferry  worked  fur  a  short  time,  but  a 
ship  ran  into  the  framework  of  the  platform  of  the  Surrey  side,  and 
ahattered  it,  and  for  some  time  past  the  ferry  has  ceased  to  be  used. 

With  respect  to  projects:  a  suggestion  that  has  been  made  on 
more  than  one  occasion  is  to  csonstruct  a  duplex  bridge.  This  is  a 
renewal  of  a  very  old  plan  proposed  as  far  back  ss  the  beginning  of 
the  century  by  Colonel  Bentham  and  also  by  Mr,  Dance,  the  architect, 
whose  bridge,  however,  was  practically  a  double  one.  Each  of  these 
gentlemen  intended  his  bridge  as  a  substitute  for  old  London  Bridge, 
and  proposed  to  construct  it  in  thia  manner  to  allow  seagoing  vessels 
to  oome  up  the  river  as  far  as  Blackfriars, 

The  diagrams  on  the  walla  are  enlarged  from  the  drawings  in  the 
Heport  of  a  Parliameutary  Committee  on  this  subj^t,  which  sat,  otl  and 
on,  for  about  five  years,  at  the  end  of  the  last  oeutury,  and  at  the 
beginning  of  the  present.  The  intention  was  to  have  the  bridge 
double  for  a  short  distance,  in  one  case,  and  for  its  whole  length  in 
Ihe  other ;  the  distance  between  the  two  sections  being  sufficient  to 
AOOOtDmodate  a  vessel,  bo  that  if  it  were  coming  up  stream  it  should 
pM  by  an  opening  in  the  eastern  section  of  the  bridge,  the  road 
timffia  on  that  section  being  stopped,  and  then  the  traffic  on  the  other 
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fiection  being  stopped,  the  movable  part  of  that  Beotion  should  bd 
opened^  and  tlie  ship  should  be  allowed  to  come  throagh. 

A  Bill  for  a  similar  projoct  was  deposited  in  the  preaent  eefisioti 
of  ParliaraeEt  by  a  private  company. 

In  the  Eeport  of  the  Parliamentary  Connmttee  to  whicb  I  haTo 
referred,  ig  also  to  be  found  Telfoixl*s  proposition  for  a  one-arch 
cast-iK>n  bridge,  to  replace  London  bridge.  A  diagram  of  it  is  on  the 
wall. 

The  Farliamentary  Committee  to  whom  thia  and  other  schemes 
were  referred  took  the  atlvice  of  the  aeientific  men  of  the  day  on  the 
subject ;  among  them  was  John  Playfnir,  Profeeaor  of  Mathomatica  at 
Edinburgh  College,  who  winds  up  hig  report  of  the  tiTth  April, 
1801,  upon  Telford's  single-arch  bridge,  viiih  words  of  modesty  and 
wisdom^  which  I  think  are  well  worthy  of  being  repeated  and  of 
being  borne  in  mind : 

"  I  cannot,  however,  make  an  end  of  this  report  withoat  observing 
to  the  Committee  that  it  is  nut  from  theoretic^  men  that  the  most 
-valuable  information  in  such  a  case  as  the  pregent  is  to  be  expected. 
When  a  mechanical  combination  becomes  in  a  certain  degree  eom- 
plicated,  it  batilee  the  efforts  of  the  geometer  and  refuses  to  snbmit 
even  to  hie  mo&t  improved  methods  of  investigation^  This  belds 
particularly  of  bridges,  where  the  principles  of  mechanics,  aided  by 
aU  the  resources  of  the  higher  geometry,  have  not  yet  gone  farther 
than  to  determine  the  eqmlibrium  of  a  get  of  smooth  wedges,  acting  on 
one  another  by  pressure  only,  and  in  such  eircnm stances  as,  except 
in  a  philosophical  experiment,  can  hardly  ever  be  realised.  It  is 
therefore  from  men  bred  in  the  school  of  daily  practice  and  ex- 
perience, and  who,  to  a  knowledge  of  general  principles,  have  added, 
from  the  habits  of  their  profession,  a  certain  feeling  of  the  jugtnegg  or 
infiufi&ciency  of  any  mechanical  contrivance,  that  the  soundest  opinion 
on  a  matter  of  this  kind  is  to  be  obtained.'* 

Time  will  not  admit,  nor  do  I  think  you  would  be  interestetl, 
were  I  to  call  your  attention  in  the  most  cursory  manner  (even  by  a 
list  of  names)  to  all  the  various  schemes  that  have,  from  the  days  of 
the  Thames  Tunnel  up  to  this  date^  been  proposed  for  below-bridge 
oroBsings,  but  I  will  at  once  mention  some  of  die  latest.  These  are — 
the  High  Level  Bridge,  proposed  by  the  Metropolitan  Board  of 
Works,  to  span  the  river  from  Little  Tower  Hill  (the  road  imme- 
diately to  the  east  of  the  Tower)  to  Horselydown  Old  Stairs;  the 
Low  Level  Bridge  at  the  same  spot,  with  opening  spans  for  the 
passage  of  vessels,  advocated  by  the  Corporation  ;  and  the  Bill  of 
last  year  promoted  by  a  private  Company,  for  the  making  of  a  subway 
parallel  with  the  small  subway  I  have  already  mentioned  aa 
extending  from  Great  Tower  Hill,  on  the  west  side  of  the  Tower. 

The  question  forces  itself  upon  one — If,  as  appears  self-evident^ 
some  means  of  communication  below  bridge  ig  needful,  and  has  been 
needful  for  the  last  fifty  years,  why  hag  it  not  been  made  before  this  ? 
The  answer  is,  the  difficulties  of  suitable  access,  the  difSculties  of  the 
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work^  and  aboTd  all,  as  regards  certain  modes  of  orosaing,  the  magoitnde 
of  the  interests  affectedj  or  alleged  to  be  aftected.  With  respect  to 
the  difiicitlty  of  aecesa.  The  map  shows  that  on  the  northern  side  of 
the  ri^er,  first  a  portion  of  the  bank  is  occupied  bj  the  Tower,  to  the 
east  of  which  is  Little  Tower  Hill,  already  mentioned  (the  point 
from  which  so  many  projectors  have  proposed  to  start  their  bridge  or 
tunnel),  then  tho  bank  is  occupied  by  the  St.  Katheriue's  Docks,  and 
these  are  separated  by  nothing  but  a  roadway  ^Nightingale  Lane) 
from  the  London  Docks,  which  extend  down  the  nver  until  Shad  well 
is  reached :  that  is  to  say,  from  the  western  side  of  the  Tower  down- 
wards there  ore  only  two  places  where,  for  a  length  of  about  one 
and  throe-quarter  mileSp  there  is  not  a  barrier  to  the  approach  to  the 
riTer ;  these  two  places  are,  Little  Tower  Hill  and  Nightingale  Lane. 

After  the  eaatem  end  of  the  London  Docks  ia  passed  on  the 
north  side,  the  south  is  found  to  be  occupied  by  the  Surrey  Canal 
Docks  and  the  Coraincrcial  Docks  down  to  Deptford*  and  moreover, 
on  the  north  the  Limehoiise  Basin  of  the  Ecgent's  Canal,  which  Basin 
is  in  truth  a  collier  dock,  cats  off  r^dy  eommunicatioti.  These  diffi- 
culties of  approach  apply  to  bridges  and  to  tunnels.  With  bridges  the 
dificultiee  are  practically  insuperable,  as  the  approaches  must  needs 
extend  across  the  docks,  cutting  them  in  halves.  It  is  possible,  no 
doubt,  to  carry  a  tunnel  under  the  docks,  as  has  been  done  in  the  case 
of  the  extension  of  the  Thames  Tunnel,  to  make  a  communication 
with  the  East  London  Railway,  hot  the  work  is  very  expensive,  and, 
worst  of  all,  the  underground  distance  is  most  materially  increased. 

With  respect  to  bridges,  another  class  of  diflicultios,  not  connected 
with  want  of  access,  arises.  If  a  fixed  bridge  having  only  such  an 
elevation  above  the  water  as  that  of  London  Bridge  be  adopted,  i  e, 
if  a  non-opening  low-level  bridge  be  resorted  to,  then  obviously  this 
bridge  becomes  &e  head  of  the  masted  shipping  navigation,  as  London 
Bridge  is  at  the  present  time,  and  its  erection  would  result  either  in 
a  diminution  of  the  space  available  in  the  Port  of  London,  or  else,  in 
the  gradual  extension  of  its  business  lower  down  the  river.  If  this, 
the  more  probable  result,  tk>ok  place,  then  obviously  it  must  give 
rise  in  time  to  the  repetition  of  the  present  difficulty,  viz.  the  existence 
on  the  banks  of  two  large  town^,  to  the  east  of  the  bridgie  forming  the 
head  of  the  port,  without  any  means  of  communication  from  side  to 
aido  of  the  river,  which  separates  them.  Moreover,  the  sum  demanded 
as  compensation  for  existing  interests,  between  the  now  bridge  and 
London  Bridge,  would  be  something  that  as  regards  its  total  would 
have  to  be  stated  in  millions,  and  as  regards  its  increments,  for  every 
few  e]ctra  yards  of  distance  between  the  two  bridges,  by  thou^mds. 
On  the  ground  of  first  cost,  therefore,  the  temptation  would  be  great 
to  place  the  new  bridge  as  near  to  London  Bridge  as  possible, 
notwithstanding  that  other  considerations  would  urge  that  it  should 
be  at  a  reasonable  distance  below  it.  If  it  be  snggeated^  as  it  has  been 
over  and  over  again,  that  theeo  diflicuhiee  could  be  met  by  making 
^irtain  spans  of  the  bridge  to  open,  the  answer  is,  that  in  a  tidal 
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river,  there  would  be  great  danger  of  vessels  wMcb  intended  to  pasa 
ibroQgb,  drilting  agaiust  a  cloeed  bridge  anleaa  some  proTisioii  were 
made  to  have  tbeir  approach  anuonnced  bj  telegraph,  aa  no  doubt 
might  be  done,  and  at  the  same  time  the  bridge  were  opened  in 
anticipation,  eo  as  to  cnfiure  a  clear  passage  for  the  vessel  when  abe 
did  arrive.  Ko  orgmnent  founded  on  tJae  ease  with  which  veBsela 
can  bo  got  in  and  out  of  docks  (generally  at  high  water  and  alwajB 
in  the  absence  of  appreciable  current  in  the  passage  through  which 
the  J  pass)  would  be  valid,  ae  applied  to  bridge  opouings  in  a 
tideway.  Moreover,  experience  teaches,  that  the  Parliamentary 
oppoaition  of  the  persons  interested  in  the  traffic  above  the  euggosted 
low-level  opening  bridgo,  would  be  as  strenuous,  or  even  more 
strenuous,  than  in  the  cmo  of  a  non-opening  low-level  bridge^ 

in  the  Ifttter  instance  these  persons  would  know,  that  if 
the  bridge  were  built,  they  must  bo  fully  compenswted  for  tlmt 
which  would  be  undoubted  damage,  while  they  would  feel  that 
if  an  opening  bridgo  were  to  be  made,  an  arbitrator  might  believe 
these  openings  would  sufiico,  might  think  their  apprehonflions  idle, 
and  might  either  refuse  thero  conipeneation  altogether,  or  give  them 
one  of  but  very  small  extent.  That  a  Parliamentary  Cymtailtee 
would  be  strongly  influenced  by  aucb  opposition,  is  no  mere  specu- 
lation.  In  the  year  1879,  when  the  Metro]K>lltan  Board  of  Works 
bridge,  to  which  I  have  already  alluded,  was  considered  by  such 
a  oommitteef  the  persons  opcnpyiug  wharves  above  its  site,  objected 
that  if  vessels  were  compelled  to  strike  their  topmasts,  or  evon 
their  topgallant  maata,  to  pass  wader  the  roadway  of  that  bridge, 
which  it  was  intended  to  place  so  as  to  give  a  i^lear  licadway  of 
G5  feet  above  Trinity  high  water,  or  as  much  as  85  feet  above  low 
water,  it  would  form  a  ground  of  objection  on  the  part  of  shipowners 
and  captains  to  talse  freiglits  for  the  wharves  above  the  bridge,  and 
thus  their  competitors  below  the  bridge  would  be  placed  in  an  unfairly 
favourable  position ;  and  although  it  was  shown,  that  the  great  bulk 
of  the  shipping  which  came  above  the  site  of  the  intended  bridge^ 
could  pass,  without  striking  anything  more  than  their  topgallant 
masts,  or  without  striking  masts  at  all,  the  opposition  of  the 
wharfingers  prevailed,  and  the  bill  was  thrown  out  A  diagram  of 
the  bridge  is  on  the  wall,  and  a  model  of  the  bridge  and  of  the  neigh- 
bouring districts^  with  an  enlarged  model  of  the  circular  approach, 
300  feet  in  diameter^  and  having  a  spiral  road  with  an  inclination  of 
1  in  40,  is  on  the  table  before  you. 

From  a  wharfinger's  point  of  view,  it  appears  to  mo  that  a  duplex 
bridge,  such  as  proposed  in  1801,  would  not  remove  the  difficulty, 
but  on  the  contrary,  would  add  to  it,  as  there  would  be  two  bridges 
to  pass  instead  of  one,  doubling  the  dangers  attendant  upon  the 
passage  of  one  bridge. 

But  the  other  question  remains  to  be  considered :  supposing  the 
wharfingers  satisfied,  would  the  public  who  bad  to  me  the  bridgo  bo 
satisfied?    Would  it  be  tolerated  that  the  traffic  across  a  single 
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Widge,  should  l^e  InterrtiptcHl  at  unknown  ttmes^  to  admit  af  the 
pa&sage  of  yefigek  ?  and  if  the  duplex  bridge  were  resorted  to^  matters 
Wi>iild  b€  but  little  improved.  It  ia  of  the  very  essence  of  the  suocess 
of  a  meam  of  importaDt  communi cation j  that  ther^j  should  be  perfect 
oertaitity  of  passing  at  all  times. 

Two  oilier  modes  of  crossing  from  side  to  side  deserve  notice,  as 
instances  of  ingenious  csontrivanco :  one,  the  dredging  of  a  channel 
across  the  river,  the  bed  of  which  channel  is  to  be  perfectly  hori- 
zontal, and  is  to  support  several  lines  of  rails.  On  these  rails  a 
BubaqueouB  carriage  is  to  be  placed,  having  a  framework  tall  enough 
to  cany  a  platform  at  the  height  of  the  level  of  the  shore*  A  steain 
engine  on  the  platform^  by  appropriate  connection  makes  the  wheels 
revolve  J  and  thus  the  carriage  travels  from  side  to  side  of  the  river  ; 
Euch  a  contrivuBce  is  in  use  at  St,  Mplo,  and  a  drawing  of  one  is 
upon  the  wall.  It  need  hardly  be  said,  however,  that,  having  regazd 
to  the  danger  to  the  rails  from  ships*  anchors^  and  from  the  chauoes 
of  veseels  grounding  on  them,  this  cannot  be  looked  upon  as  a  feasible 
pha^  to  be  employed  in  the  Tham^,  The  neit  scheme  ia  the 
cun verse  of  the  St  Malo  plan,  vi^,  a  platform  at  the  shore  level 
suspended  by  a  framing  from  au  overhead  girder  placed  at  such 
height  as  to  he  clear  of  the  tallcBt  masts.  It  wUl  be  seen  that  both 
these  plans  result  la.  a  platform  moving  Like  the  deck  of  a  steamer 
acroeo  the  river,  but,  unlike  the  deck  of  a  steamer,  not  affoeted  by 
changes  in  the  water-level. 

We  now  come  to  the  question^  What  plans  are  really  open  for 
considemtjon,  bearing  iu  mind  that  the  object  to  be  attained  is  the 
maiimum  of  accommodation,  coupled  with  the  minimum  of  interfercmce 
with  other  intere:$tg,  and  (mogt  closely  allied  to  this  second  con- 
sideration) the  minimum  of  cost  ?  In  arriving  at  the  cost,  there  has 
to  be  borne  in  mindf  the  acquisition  of  property,  the  ox[»onsea  of 
the  work,  and  the  annual  charges  for  maintenance  or  fur  workings  as 
the  case  may  be.  In  my  view  the  pustiible  plans  resolve  themselves 
into  three;  high-level  bridge— a  tunnel— ferries. 

Leaving  ferries  on  one  side  for  the  moment,  as  being  rather  very 
valuable  supplementary  means,  than  principal  means,  the  choice  really 
lies  between  a  high-level  bridge  and  a  tunnel, 

I  have  stated  the  objections  that  were  succei^sfully  urged  by 
whaHingers  and  shipownerti,  against  the  Metropolitan  Board  high- 
level  bridge  proposed  in  1B79.  It  is  clear  that  nothing  short  of 
rmistng  the  bridge  so  high  that  no  masts,  not  oven  the  topgallant 
masts,  need  be  struck,  would  put  an  end  to  the  opposition.  'Dio  ques- 
tion may  be  asked,  Why  not  make  the  hridgt)  of  this  height  ?  and  this 
brings  into  consideration  the  difficulties  of  the  wi)rk.  I  do  not  mean 
to  say  that»  in  the  present  state  of  engmoerlug  knowledge,  a  bridge  at 
a  level  high  enough  for  the  Monument  to  stand  under,  could  not  bo 
built  with  the  most  absolute  certainty  as  regards  safety,  and  sucx^css 
as  a  structure,  if  money  enough  were  spent  upon  it.  Let  me  iustance 
the  magnificent  work  of  the  Forth  Bridge,  with  its  1700  foet  spam 
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and  its  clear  headway  of  160  feet  above  bigb  water.  Thanks  to  the 
kindneea  of  HeeBr»<  Fowler  and  Bak«r,  the  eDgineers,  I  am  enabled 
to  fihow  yoii  a  diagrana  of  the  bridge,  and  to  give  a  clear  conoeptioit 
of  the  vmt  dimeDBiong  of  tbia  work,  ther6  are  drawn  on  the  same 
fibeet  tbo  Memii,  the  St.  Louia,  and  some  other  weU^known  large* 
span  bridges.  So  for  as  the  eflfioiency  of  tbe  etmetnre  ie  cooccmed, 
it  is  a  simple  queatiou  of  money,  bat  a  bridge  high  up  in  the  air, 
^libougb  it  may  eattgfy  tboso  who  pass  under,  will  be  of  no  tise  to 
those  who  wish  to  pass  over,  if  it  cannot  be  readily  reached  from  tbo 
ground  level.  Although  on  the  north  the  ground  at  Tower  Hill  rieoft: 
some  31  feet  above  high  water,  the  shore  on  the  aouth  is  practically 
on  a  level  with  it,  and  thus  on  that  aide  the  whole  heigbt  from  higb 
water  to  the  level  of  the  bridge  would  have  to  bo  climbed. 

Formerly,  no  mode  would  have  boon  open,  to  get  the  traffic  on  and 
off  BUcb  a  bridge,  other  than  inclined  roads*  These,  for  heavy  traffio 
ascending,  could  not  have  been  made  successfully  at  a  greater  incliua«* 
tion  than  1  in  30,  bettor  stQl  1  in  40.  To  give  an  idea  of  what 
appearance  is  preeented  by  oer^in  gradients,  it  may  be  said  in 
paesiDg  that  St.  James*  Street  varies  from  a  maximum  gradient  of 
1  in  23  to  a  minimum  of  1  in  60,  and  has  a  mean  of  1  in  32 1 
while  the  eastern  extremity  of  the  Thames  Embankment,  where  il 
joins  the  road  leading  on  to  Blackfriara  Bridge,  is  made  with  a 
regular  rise  of  1  in  40.  The  upper  surface  of  the  floor  of  the 
bridge  conld  not  be  leaSj  to  avoid  all  fancied  interference  with 
shipping,  than  150  feet  above  Trinity  high  water;  an  inclination  of 
eveo  1  in  30  would  demand  therefore  a  length  of  4500  feet  for  the 
Surrey  approach,  while  1  in  40  w*onld  obviously  require  as  much  as 
6000  feet.  In  these  days,  however »  it  is  perfectly  feasible  to  raise  and 
lower  the  whole  traffic  of  such  a  bridge  by  hydraulic  power  ;  but  wbefl 
the  large  number  of  vcbicloa  which,  as  I  shall  show  you  presently,  it 
may  fairly  be  anticipated  would  pass,  com©  to  be  dealt  with,  the  space 
demanded  for  double  groups  of  lifts,  the  ascending  and  the  descending 
(for  there  are  almost  insuperable  difficulties  in  making  one  set  of 
lifts  answer  both  for  the  ascent  and  the  descent),  and  the  cost  of  the 
establishment  of  these  lifts,  tender  the  abandoning  of  inclines^  for 
certain  portions  of  the  traflSc,  very  tmdesirablo. 

And  although  no  doubt,  as  I  have  said,  such  a  high-level  bridge 
could  be  constructed  and  worked,  no  estimate  has  been  made  of  it ; 
the  cost,  however,  of  a  bridge  with  100  feet  clear  headway  has  been 
got  out,  and,  including  acquisition  of  property^  amounted  to  as  much 
as  745,000/.,  while  the  annual  charges  would  probably  he  18,0001. 
If  no  other  mode  were  available,  then  the  importance  of  the 
matter  is  so  great  that,  large  as  these  payTOente  are,  they  would  he 
more  than  justified,  and  the  money  would  be  well  laid  out;  bnt^ 
before  determining  to  adopt  such  a  plan,  it  is  projier  that  the 
alternative  of  a  tunnel  should  be  investigated.  For  many  years  the 
difficulties  met  with  in  tbo  execution  of  the  Thames  Ihmnel,  brought 
subaqueous  tunnelling  into  disfavour;  but  there  are  mi»ro  ways  tbaji 
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aoe  of  tnakiBg  a  tunnel,  or  rather  of  making  a  corered  way,  be  it 
niider  the  laud  or  under  the  water.  Moreover,  eDgineoriug  appliftucea 
have  become  developed,  I  need  hardly  say,  in  the  sixty  years  since 
the  Thames  TmmeL  was  commenced,  and  better  materiala  exist  at 
cheap  rates.  Brnnel  had  a  shield  nmde  of  cast  Iron;  then  eteal 
would  have  been  an  impossible  pietal  fur  the  purpose— it  was  sold 
not  by  the  ton,  but  by  the  pound ;  in  these  days  the  shield  would  be 
made  of  steel,  at  no  greater  cost  than  was  then  needed  for  one  in 
eaat  iron.  Scre^'a^ks,  demanding  a  great  expenditure  of  mnnual  power 
to  be  exerted  in  a  eonBned  space,  would  now  be  replaced  by  hydraulic 
presses  worked  by  a  steam-engine  on  the  surface ;  and  the  pumping  of 
the  water  which  made  its  way  in  at  the  shield,  instead  of  demanding 
the  laboor  of  forty  men,  costing  for  the  day  and  night  work  I50i.  a 
week,  could  be  effected  with  ease  by  an  hydraulic  engine,  by  a  com- 
preseed^ir  engine^  or  even  by  electricity^  which  latter  agent  would 
also  aSbrd  the  means  of  illnmiaation  without  heat  or  contamination  of 
the  air. 

Tlieee  would  be  the  means  by  which  (even  if  the  covered  way  were 
truly  a  tunnel— that  ie  tosay,a  "burrowing  through  the  earth  ")  such  a 
work  could  be  carried  out  with  a  cheapness,  an  expeditiion,  and  a  cer- 
tainty that  were  not  possible  sixty  years  ago.  But^  improved  as  the 
means  of  tunnelling  are,  it  is  still  desirable,  that  there  should  be  some 
considerable  thickness  of  earth,  between  the  bed  of  the  river,  and  the 
top  of  the  hole,  that  is  being  tunnelled.  Therefore,  if  the  process  of 
tunnelling  be  followed,  it  is  seen  there  would  have  to  be  allowed  firsts 
the  depth  of  the  river,  next  the  minimura  thickness  of  earth  over  the 
excavation,  and  then  the  depths  from  the  tup  of  the  excavation  to  the 
surface  of  the  roadway.  If  the  minimum  thickness  were  employed, 
that  ought  to  be  allowed,  the  result  would  be,  with  the  height  of 
roadway  it  is  proposed  to  give  in  the  tunnel  I  am  about  to  mention 
to  you  J  to  put  its  floor  80  feet  below  Trinity  high  water. 

Now  we  have  considered  the  question  that  we  must  have  an  aacent 
to  roach  from  the  ground  to  the  roadway  of  a  high-level  bridge,  it  is 
equally  clear  we  must  have  a  descent  to  extend  from  the  surface  of 
the  ground  down  to  the  roadway  of  a  tunnel ;  and  if  that  roadway 
were  150  feet  below  the  surface  of  the  ground,  the  difficultiea  of  the 
descent  would  obviously  be  as  great  as  the  difficulties  of  the  ascent. 
But  as  has  already  been  said,  even  if  tunnelling  be  resorted  to^  the 
depth  of  the  roadway  below  high  water  need  be  no  more  than  80  feet ; 
but  by  following  a  process  in  making  this  subuqueoue  road  which  is 
pursued  in  correspondiug  cases  on  land^  the  depth  can  be  so  much 
reduced,  as  to  bo  only  60  feet>  I  mean  the  process  teehnicaUy  known 
m  **'  cut  and  cover/'  The  name  expresses  quite  clearly  what  is  done, 
and  tells  ns  that  the  excavation  is  cat  down  from  the  surface,  and 
that  then  (the  brickwork  and  covering  arch  being  put  in),  earth  is 
filled  over  the  top^  and  the  surface  is  restored.  This  plan  is  one  that 
€Ka  be  perfectly  well  followecl  for  a  subaqueous  road,  and  can  bo 
mmed  out  in  the  ft^llowing  manner:— A  cofferdam  of  a  certain 
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length  is  raised  to  a  few  feet  above  higli  water,  the  water  i&  pumped 
out,  tbo  bed  of  the  river  is  exposed,  the  earth  is  excavated  down  to  the 
required  depth,  and  the  concrete  put  in,  and  the  brickwork  of  the  tunnel 
including  its  covering  arch  is  CM>mpleted.  The  ooffordam  is  then  pro- 
longed for  another  length »  which  is  similarly  treatet],  leavitig^  it 
will  bo  seen,  the  front  end  of  the  original  cofferdam  as  a  mere 
partition  in  the  middle  of  a  longer  coff'erdam  pumped  drj  on  both 
Bides  of  thifi  partition.  Under  these  circunigtanoes  it  is  easy  to 
make  the  partition  tight  against  the  executed  work.  Thou  the  upper 
part  of  the  Bides,  and  the  hinder  end  of  the  firat  length  of  dam,  can  be 
removed,  and  with  the  reqtiifaite  new  parts,  be  formed  into  another 
length,  in  front  of  the  portion  being  eiecutetl,  and  thus  step  by  step  tho 
work  can  be  carried  across  the  river  with  abBolute  certainty.  The 
remark  may  be  made,  supposing  bad  ground  is  met  with,  why  won't 
the  whole  structure  sink  ?  Bad  ground  means  in  this  case  quicksand 
full  of  w'ater,  »nd  under  this  condition  of  things  there  would  he  no  pres- 
Bure^  forcing  the  tunnel  to  sink,  greater  than  that  which  the  bod  ground 
had  already  home  ;  for,  as  seen  in  the  case  of  the  Thames  Tunnel,  after 
allowing  for  the  opeuiogs^  the  tunnel  as  a  whole  is  lighter  than  the 
earth,  which  it  replaces.  With  respect  to  the  nature  of  tho  coflferdamg 
it  may  be  urged  by  those  acquainted  with  these  subjects,  that  th& 
depth  is  too  great  for  piling,  but  piling  is  not  the  only  mode  of  making 
a  cofferdam. 

Sir  Joseph  Bazalgette,  for  that  portion  of  the  Victoria  Embank^ 
ment  between  Westminster  and  some  one  hundred  yards  to  the  east 
of  Waterloo  Bridge,  employed  a  succoBsion  of  oval  iron  caiaeonSh^ 
which  were  sunk  in  a  continuous  line  and  were  united  by  grooTem 
and  tongues.  These  caissons  have  the  advantage  of  being  sinkabltJ 
to  any  needed  depth,  by  internal  excavation,  and  of  forming  by  thed^ 
lower  parts  an  admirable  protection  to  the  completed  work,  while 
the  upper  parts  ai-e  readily  unbolted  by  the  aid  of  a  diver,  and  are 
used  over  and  over  again,  iu  the  successive  stages  of  the  coffcrtijun* 

There  is  another  mode,  however,  by  which,  without  any  cofferdain 
ordinarily  so  called,  cut-and -cover  work  can  be  escecuted,  and  that 
ifl  by  employing  an  enormous  diving-bell,  and  using  compressed  air. 
Some  years  ago  Mr.  Fowler  and  Mr»  Baker  proposed  an  application 
of  this  system  for  the  Kumber  Tunnel.  A  sketch  of  the  api^ratus 
is  shown  upon  this  diagram. 

An  open  bottom  vessel  some  160  feet  long,  by  42  feet  wide,  by 
12  feet  deep,  immediately  below,  and  made  in  one  with  an  air-ttght^H 
vessel  of  exactly  equal  size,  forming  a  float.  On  the  top  of  this  lasb-^^ 
named  vessel  there  was  a  framework  45  feet  high,  carrying  a  working 
deck  160  feet  long  by  55  feet  wide,  on  which  was  to  be  placed  tho 
whole  of  the  machinery.  The  frajnework  supported  a  certain  number 
of  screw  piles  on  each  side.  The  apparatus  was  to  be  used  in  the 
following  manner:— It  was  to  be  towed  over  the  place  where  the 
tunnel  was  to  bo  tuado,  and  then,  the  machinery  being  set  to  work,  t!io 
screw  piles  were  tu  be  driven  into  the  earth  on  aaAih  side  of  the  vessel ; 
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water  was  then  to  bo  admitted  into  the  fiuat  so  that  the  reesel  would 
gmlmilly  sink,  until  the  edges  of  its  open  bottom  cut  their  way  into 
the  floil ;  then  air  was  to  be  drivcE  into  the  opeu  vessel,  eipolliug  the 
wateFn^  find  enabling  the  workmen  to  descend  thtoii;gh  nhafte  provided 
with  air  locks,  and  to  carrj  on  the  work  of  excavation  within  this 
chamber  of  160  foot  long,  42  feet  wide^  aud  12  feet  deep.  As  the 
eicttvation  was  continued,  the  vessel  lank  lower  aad  lower,  until  the 
desired  depth  was  attained,  the  siaking  being  guided  by  the  serew  piles. 
At  this,  the  lowest  jmint,  the  working  afcago  was  atill  sufficiently  raised 
above  high  water.  When  the  lowest  point  was  reaehed,  the  work  of 
btiilding  the  tuunel  proper  was  begtm,  and  was  carried  on  till  the 
lo^er  half  was  fimshed,  thereby  nearly  filling  the  chamber  to  the 
top*  Then  the  water  was  pumped  out  of  the  float,  allowing  the 
whole  apparatus  to  riso  to  a  certain  distance,  admitting  the  water  to 
flow  over  the  lower  pcurt  of  the  finished  work,  but  permitting  this  to 
be  added  to ;  and  in  this  way  it  is  possible  to  build  a  tunnel  of  some 
23  feet  total  depth  by  the  aid  of  an  air  chaniher  of  but  little  more 
than  half  that  depth.  The  160  feet  length  having  been  finished^  the 
float  was  entirely  emptied  of  water  so  as  to  come  np  to  the  surface^ 
the  screw  piles  were  withdrawn,  and  the  apparatus  was  moved  forward 
to  make  the  next  length  of  the  tunnel.  There  was  an  extremely 
ingenious  provision  by  which  the  junctions  of  the  successive  lengths 
were  effected,  but  time  will  not  admit  of  my  going  into  that  detail. 

Last  year  Mr,  Law,  whom  we  have  already  had  to  thank  this 
evening  for  the  diagram  of  the  Tunnel,  exhibited  to  a  Parltamentary 
Committee  the  model  which  he  has  kindly  lent  me  to-night,  showing 
how  cut*and-co7er  "  could  be  eiecuted  by  a  ctjm  pressed -air  appa- 
ratus. This  model  represents  the  man  nor  in  which  it  is  intended  to 
construct,  under  the  Thames,  the  tunnel  of  the  Charing  Cross  and 
Whitehall  Electric  Ktdlway,  and  here  also  for  the  purpose  of  saving 
depth  *'  cut-and-cover  "  is  resorted  to.  The  tunnel  has  its  sides  and 
roof  made  of  wrought  iron,  liued  with  concrete.  On  a  staging  prepared 
in  the  river,  a  50-feet  length  of  the  tunnel  is  riveted  up  and  liued, 
and  then  from  this  staging,  it  is  lowered  on  to  the  bed  of  the  river 
by  hydraulio  apparatus ;  the  ends  of  the  length  are  first  temporarily 
closed,  but  the  bottom  is  loft  ojien,  and  thus  the  length  becomes  a 
diving-bell ;  air  is  pumped  into  it^  and  air  shafts  and  air  locks  being 
pwvided,  men  descend  and  carry  out  the  eiccavation.  As  this  i^ 
done  the  length  sinks  further  and  further,  until  the  desired  depth  is 
reafobdd ;  recesses  in  the  ends  of  the  length  contain  flexible  tubifs* 
into  which  a  water  pressure  can  be  put,  so  as  to  expand  the  tubee^ 
and  thus  make  a  provisional  joint  against  the  length  already  com- 
pleted. The  temporary  closing  of  the  end  is  then  removed,  and  the 
|»ermanent  attachment  of  the  one  length  to  the  other  is  made. 

In  any  one  of  these  ways  the  tunnel  may  bo  made,  but  when  made, 
people  have  a  sort  of  feeling  that  after  all  a  tunnel  is  an  ill- 
lighted,  ill-ventilatcd»  damp,  unpleJisant  sort  of  a  place.  There  is 
not  the  slightest  reason  why  this  should  be  i  and  I  will  umlortake  tc* 
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Bay  it  would  not  be>    IlBTing  regard  to  the  avoidatiee  of  interference 
with  eiiBting  interoBts^  to  the  cost,  and  to  the  diminishcid  length  of 
the  approach it  does  appear  that  the  tunnel  is  preferable  to  a 
high-level  bridge.    I  told  you  a  little  time  back  that  I  would  for 
the  moment  digmiss  the  question  of  ferries,  and  I  ought  then  to  have 
given  a  few  particulars  connected  with  the  traffic,  to  ehow  that  some- 
thing moro  wiifl  needed  for  the  principal  moauB  of  commnuication. 
Ijet  me  supply  that  omissioa  now.    In  the  year  1882  careful  obser- 
vation b  were  taken,  and  it  was  found  on  a  Monday  in  the  mooth 
of  August,  that  in  twenty-four  hours  there  passed  over  London 
Bridge  22,795  vehicleB  and  117,451  foot  paBBengers.    It  need  hardly 
be  said  that  these  did  not  traverse  the  bridge  at  a  muform  rate, 
throughout  the  twonty-four  hours.    The  table  on  the  wall  *  shows 
tlie  allo<^tioti  of  the  traffic  to  the  various  honrB,  giving  a  minim^uxn 
of  7  vehicles  and  of  130  foot  passengers  per  hour  between  two  and 
font  in  the  morning,  and  a  maximum  of  1846  vehicles  per  hour 
between  the  hours  of  10  A..Bf.  and  noon,  and  a  maximum  of  13,037  foot 
paseengerB  between  the  hours  of  8  A.if.  and  d  am,,  while  the  average 
per  hour  between  the  hours  of  8  a.ii.  and  8  km.  is  as  much  as  1578 
vehicles  and  7G44  foot  passengers.    Assuming  that  the  new  mode  of 
communication  were  only  to  get  a  fraction  of  this  traffic,  and  that 
the  total  traffic  was  not  inoreaeed,  even  then  it  would  tiot  be  well  to 
attempt  to  pass  it  by  ferry  boat®  tta versing  a  crowded  river,  bat 
there  can  be  no  questioii  that  the  existence  of  a  new  communication 
will  largely  develop  traffic.    Notwithstanding  these  22,795  vehicles 
over  London  Bridge,  3554  were  found  to  pass  over  Southwark,  only 
500  yards  above  London  Bridge j  and  witii  its  very  bad  gradient  on 
the  Middlesex  side,  while  13,288  were  found  to  pass  over  Blackfriars, 
only  1288  yards  above  London  Bridge.    Moreover,  the  freeing  of  the 
toll  bridges  may  bo  cited  in  support  of  this  development  of  traffic  by 
increased  accommodation.   Before  the  toll  was  removed,  there  passed 
over  Waterloo,  Charing  Cross,  Lambeth,  Tauxhall,  Chelsea,  the 
Albert,  Battersea^  and  Putney  Bridges,  during  24  hours,  46,960  foot 
passengers  and  8077  vehicleB.    Four  to  five  years  after  the  toll  was 
removed,  there  passed  over  the  former  toll  bridges  I  have  enumerated 
114,760  foot  passengers  per  day,  and  32,621  vehicles,  being  practically 
two  and  a  half  times  the  number  of  foot  passengerB,  and  two  and 
three-quarter  times  the  number  of  vehicles.    Part  of  this  increase 
was  no  doubt  due  to  the  natural  growth  of  London  in  the  five 
years,  but  that  part  must  have  been  but  a  very  email  proportion  of 
the  whole, 

With  respect,  ho  waver »  to  this  increase  in  the  population, 
table  t  on  the  wall  shows  you  (to  go  back  for  fifty  years)  that  in  1831 
there  were  within  that  which  is  now  the  Metropolitan  area  a  total 
population  of  1,656,200,  divided  into — -north-west  of  London  Bridge, 


*  See  Tfthle  A  &nd  Diagram  A'  in  Appendis. 
t  iSte  Table  B  in  Appoodix. 
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829,900 ;  soutli-west  of  London  Bridge,  237,000 ;  giving  for  the 
western  section  of  London ,  therefore,  1,066,900  ;  north-eaHt  of  Lon- 
don Bridge,  415,300 ;  south-east  of  London  Bridge,  173,000 ;  giving 
for  the  below-biidge  towne  a  popuUtion  of  588,300.  In  1881^  half  a 
oenturj  later,  the  total  population  within  the  Metropolitan  area  was 
3,834,360,  tho  north-west  section  1,662,060,  the  south-west  627,300, 
making  for  the  wostora  towns  2,289,360  ^  while  the  north-east  was 
890,000,  the  south-east  was  655,000,  making  for  the  eastern  towng  a 
population  of  1,545,000.  Thtia,  while  the  increase  in  the  whole 
Metropolitan  area  had  been  2^31  times;  west  of  Loudon  Bridge  it 
had  been  only  2*14  times,  while  east  of  London  Bridge  it  had 
been  as  much  as  2' 62  times;  and  in  those  fifty  years  new  Black- 
friars  Bridge  and  new  Westminster  Bridge  had  been  built  at  the 
public  expense  ;  Chelsea  Bridge  had  been  built  at  the  public  expense ; 
Himgerford,  Lambeth,  the  Albert  Bridge,  and  Wandsworth  Bridge 
had  been  bnilt  by  companies,  but  had  b^n  snhsequently  aeqnired  by 
public  money  \  while  the  condition  of  communication,  or  rather  of 
want  of  oommunicationj  to  the  oast  of  London  Bridge  had  remained 
as  it  was.  Moreover,  the  rateable  value  is  shown  by  another  table  * 
to  hav^e  been  in  1881  for  the  whole  of  LondQti  in  which  tho  above- 
mentioned  population  liTed,  the  sum  of  27,970,552/.,  divided  as 
before  into  north-west  15,819,758^,  south-west  3,665,229/.,  making  a 
total  for  the  west  of  19,484,987^;  north-east  6,224,924/.,  south-east 
3«2ii0,641/^  making  a  to4l  for  the  ^tern  district  of  8,485,5652. 

Leaving  London  Bridge  out  of  consideration,  as  this  is  common  to 
the  east  and  to  the  west,  the  western  section  has  had  provided  for  it, 
out  of  the  public  funds  in  the  first  instanoe,  old  Blackfriar^,  261,5001,, 
new  Blackfriars,  396,000i. ;  old  Westminster,  400,000/,,  and  new  West- 
minster, 398,000/.;  and  haa  acfj^uired  by  purchase  SouUiwark,  paid 
for  by  the  Corporation  of  the  City  at  a  cost  of  384,000/.,  and  the 
various  other  bridges  paid  for  by  the  Metropolitan  Board  at  a  cost  of 
1^332,025/.,  bo  which  has  to  be  added  the  eeet  of  new  Putney,  new 
Battersea,  and  new  Hammersmith  bridges,  tho  underpinning  of 
Water loo^  and  tho  repairs  to  other  bridges,  848^304/. :  making  a  total 
that  has  boon  paid  or  will  have  to  be  paid  for  tho  bridge  accommo- 
dation west  of  London  Bridge  of  4,014,829/.,  or,  taking  the  population 
nf  that  district,  of  IL  15*.  per  head.  While  the  only  money,  so  far  as 
I  know,  which  has  been  contributed  by  the  public  purse  to  afford 
means  of  communication  below  bridge  has  been  the  sum  for  the  com-" 
pletion  of  the  Thames  Tunnel— I  believe,  but  am  not  i^rtain,  about 
200,000/.,  or,  taking  the  population  of  that  district,  only  2j;  7il.  per 
heud. 

1  trust  that  after  all  these  dry  but  necessary  figures,  yon  will  think 
I  have  said  enough,  to  show  that  a  commumcation  is  needed ;  and  I 
will  now  Btato  very  briefly  and  generally  the  nature  of  the  work  of 
which  the  Metropolitan  Board,  by  their  engineer.  Sir  Joseph 


*  See  Tabla  0  in  Jlppandiz. 
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Bazalgette,  have  this  session  deposited  plans,  for  giving  a  tunnel  com- 
mnnication.  It  is  proposed  that  this  should  be  made  between  the 
Hermitage  Basin  of  the  London  Docks  on  the  north  side,  and  Mill 
Stairs  and  St.  Saviour's  Dock  on  the  south  side. 

The  access  on  the  north  side  will  be  from  East  Smithfield  by 
a  widening  of  Nightingale  Lane,  situated  as  I  have  already  said 
between  the  St.  Eatherine  and  the  London  Docks.  On  the 
large  map  is  shown  the  position  of  the  approaches.  At  this  point 
there  is  excellent  communication  to  Tower  Hill  and  the  Minories 
northward;  and  by  Trinity  Square,  and  the  New  Street  above  the 
District  railway,  westward;  Dock  Street  and  Leman  Street  afford 
access  to  the  Commercial  Road  and  Mile  End  Bead ;  while  Batcliff 
Highway,  leads  down  to  Shadwell  and  Limehouse.  The  ascent  from 
the  tunnel  will  be  made  by  an  open  cutting  in  the  middle  of  New 
Nightingale  Lane,  and  on  each  side  of  this  there  will  be  roads  at  the 
present  level  of  the  surface,  affording  access  to  the  St.  Eatherine 
Docks  on  the  west,  to  the  London  Docks  on  the  east,  and  on  the 
south  to  the  widened  street  of  Wapping.  On  the  Surrey  side 
the  ascent  will  be  forked,  terminating  westerly  in  New  Tooley  Street, 
and  easterly  in  Jamaica  Bead,  affording  excellent  communication  with 
Bermondsey,  Botherhithe,  and  Deptford.  It  is  proposed  to  have  a 
single  archway  86  feet  wide,  having  two  4-feet  foot^Miths,  for  carters 
to  lead  their  horses,  and  a  clear  roadway  therefore  of  28  feet,  with  a 
headway  of  17  feet  in  the  centre.  Parall9l  with  this  and  forming 
part  of  the  work,  there  will  be  a  passage  for  the  foot  traffic,  kept 
separate  from  the  roadway.  This  will  be  14  feet  high,  and  12  feet 
wide.  The  roadways  will  descend  to  the  deepest  part  of  the  tunnel 
by  an  inclination  of  1  in  26  on  the  Surrey  side,  and  1  in  25  on  the 
Middlesex  side ;  but  near  to  each  shore  a  lateral  roadway  will  be 
provided  which  will  have  a  rise  of  only  1  in  40,  and  this  roadway 
will  lead  to  a  group  of  hydraulic  lifts,  by  which  the  whole  of  the 
heavy  traffic  will  be  raised,  these  lateral  roadways  being  on  the 
respective  "  near sides.  By  this  arrangement,  while  all  £e  traffic 
will  go  down  the  inclines,  and  the  light  traffic — such  as  cabs, 
carriages,  tax-carts,  and  matters  of  that  kind — will  go  up  the  inclines 
(the  steepest  of  which  is  at  a  much  less  pitch  than  parts  of  Ludgate 
Hill,  or,  as  has  already  been  stated,  parts  of  St.  James's  Street), 
the  heavy  waggons  will  avoid  these  inclines,  drawing  off  to  the  lifts, 
and  will  be  taken  to  the  surface  without  any  exertion  or  hindrance, 
thus  rendering  the  passage  through  the  tunnel  far  easier  for  such 
traffic  than  that  over  London  Bridge;  as  to  pass  this  bridge  a 
waggon,  however  heavily  laden,  coming  from  Tooley  Street,  has  to 
make  an  ascent  of  as  much  as  33  feet,  while  it  would  traverse 
the  tunnel  and  find  itself  upon  the  high  ground  of  East  Smithfield 
without  having  had  to  do  any  climbing  whatever. 

Provision  of  lifts  will  be  made  at  once,  for  taking  up  all  the  heavy 
traffic,  assuming  it  to  be  one-half  of  that  which  now  passes  over 
London  Bridge  at  the  busiest  hour  of  the  day.    The  approach  to  the 
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tunnel  on  both  sides  being  open,  as  already  said,  to  the  aky,  the  covered 
part  wiU  not  he  more  than  1200  fe^t  long ;  a  person  walking  three  mtlea 
an  hour  will  pass  through  this  in  less  than  fire  minutes ;  but  having 
regard  to  the  fuct  that  it  will  be  lined  wiih  white  tileSf  will  be  lighted 
by  incandescent  lamps,  will  be  kept  thoroughly  clean,  and  will  b© 
well  ventilated,  no  one  need  hurry  with  the  desire  of  getting  out  of 
an  nnpleasaot  place.  The  roadway  of  28  feet  wide  is  euflacient  for 
four  vehicles  abreast,  and  thus  qnick  and  slow  traffic  can  both  be 
accommodated*  It  ia  estimated  that  the  total  cost  of  this  work 
including  acquisition  of  property^  embracing  that  taken  from  the 
Docks,  will  not  exceed  the  sum  of  1,800,OOOL  The  estimate  being  one 
put  forward  by  the  Engineer  of  the  Metropolitiiu  Board,  is  entitled 
to  the  confidence  of  the  pabllci  as  that  Board  can  j>oint  to  a  larga 
ntumber  of  works  executed  within  the  estimated  amounts, 

I  had  pat  on  one  side  for  a  time,  the  <xuestioii  of  ferries.  I  will 
n(vw  eAj  a  few  words  upon  tbem.  It  is  propo&ed  to  at  once  eBtablisb 
two;  one  on  the  ^ite  of  the  old  horse  ferry,  from  the  Isle  of  Dogs  to 
Greenwich,  the  other  from  Woolwich  to  North  Woolwich. 

These  ferry  services  will  ho  conducted  by  steamboats  probably  pro- 
pelled by  pmldtes,  and  having  deck  accommodation  for  carriages  and 
horses,  and  cabin  accommodation  for  foot  passengers.  I  have  said  pro- 
bably propelled,  because  there  is  always  the  alternative  of  the  floating 
bridge  arrangement,  where  chains  are  laid  in  the  bed  of  the  river,  and 
being  banletl  in  over  properly  shaped  whoelg,  the  bridge  ia  drawn  along 
aa  is  practised  at  Portsinorith,  Southampton,  and  many  other  places. 
With  respect  to  the  difliculty  occasioned  by  the  variation  in  the  height 
of  the  water,  this  may  be  mot  in  a  variety  of  ways. 

If  a  floating  bridge  be  used^  its  rising  and  falling  gang-board 
eflects  a  connection  at  all  times  of  the  tide  with  a  sloping  hard."  If 
steamboate  be  employed,  then  there  are  the  following  modes  avail- 
able : — ' 

1.  By  the  vessel  coming  alongside  a  float  connected  to  the  shor« 
by  hinged  bridges,  as  at  all  our  steamboat  piers, 

2,  By  the  float  being  raised  vertically  by  hydraulio  power  to  the 
required  level. 

3-  By  the  deck  of  the  vessel  being  lifted  the  whole  height,  as  ia 
done  in  Stephenson's  floating  bridgts  on  the  Nile. 

4.  With  a  view  to  the  diminiEhing  of  the  angle  made  by  the  hinged 
bridge  at  extreme  low  water,  a  combination  of  No.  1  with  No,  3,  By 
any  of  these  modes  thoroughly  satisfactory  results  can  be  obtained. 

In  conclusion,  I  trtiet  I  have  caused  the  audience  present  here 
ic^night  to  wonder  how  it  is  that  the  two  towns  A  and  B  have  been  so 
long  cut  off  the  one  from  the  other  by  a  stream  which  never  attains 
to  A  quarter  of  a  mile  wide,  to  agree  with  me  that  this  is  a  state  of 
things  which  should  no  longer  be  suffered  to  continue,  and  also  to 
•gKe  with  nie  that  in  common  honesty  we,  at  the  West  End  of 
London,  are  l)ound  to  do  our  best  to  ensure  that  thoee  at  the  East 
shall  obtain  the  much-ncodod  accommodation. 

Voi^  X,    (No.  77,)  2  L 
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APPENDIX, 


TABLE  A, 

KuMBBB  of  Foot  pASBGNaEKB  and  Vkhiclks  pflsaiag  over  London 
Bridge  in  th€  24  Loiitb  coDunenoiiig  at  0  A.u*  on  HoudAy^ 
the  I'ith  AxigUBt,  1882^  ajid  ending  at  6  on  Tu^tj,  tiie 
15th  Atigtist,  1882. 

Total  number  of  Foot  Paeaongeirs  in  tlie  24  hours  117,4:51 
Total  namber  of  Vehicles  iq  the  24  hourg. .      • ,    32  ^  795 
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